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ABSTRACT
Mobile health (mHealth) applications (apps) hold tremendous potential for addressing
chronic health conditions. Smartphones are now the most popular form of computing,
and the ubiquitous “always with us, always on” nature of mobile technology make
them amenable to interventions aimed and managing chronic disease. Several chal-
lenges exist however, such as the difficulty in determining mHealth effects due to the
rapidly changing nature of the technology and the challenges presented to existing
methods of evaluation, and the ability to ensure end users consistently use the tech-
nology in order to achieve the desired effects. The latter challenge is in adherence,
defined as the extent to which a patient conducts the activities defined in a clinical
protocol (i.e. an intervention plan). Further, higher levels of adherence should lead
to greater effects of the intervention (the greater fidelity to the protocol, the more
benefit one should receive from the protocol). mHealth has limitations in these areas;
the ability to have patients sustainably adhere to a protocol, and the ability to drive
intervention effect sizes. My research considers personalized interventions, a new ap-
proach of study in the mHealth community, as a potential remedy to these limitations.
Specifically, in the context of a pediatric preventative anxiety protocol, I introduce
algorithms to drive greater levels of adherence and greater effect sizes by incorporat-
ing per-patient (personalized) information. These algorithms have been implemented
within an existing mHealth app for middle school that has been successfully deployed
in a school in the Phoenix Arizona metropolitan area. The number of users is small
(n=3) so a case-by-case analysis of app usage is presented. In addition simulated user
behaviors based on models of adherence and effects sizes over time are presented as a
means to demonstrate the potential impact of personalized deployments on a larger
scale.
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Chapter 1
INTRODUCTION
Non-adherence to long-term therapies for chronic diseases is a global concern high-
lighted by the World Health Organization (WHO) report in 2003 [71]. Medication
non-adherence is associated with increased risk of mortality [68], and costs [69]. For
example, people tend to ”forget” their medications leading to severe results, especially
in the case of chronic diseases. If patients do not adhere to the treatment, there is a
high possibility of remediation or hospitalizations [14, 57]. Therefore, there is a need
for effective interventions to improve adherence. After the advancements in mobile
technologies and its extensive use, the WHO recognized the integration of mobile
and wireless technologies to accomplish health objectives. It was broadly termed as
mHealth [39].
In mental health chronic disease treatment such as anxiety, users learn in-session
skills to cope up with the disease. The efficacy of the treatment is highest when the
user is proficient in these skills. If the user fails to learn the skills, the user might not
gain benefits from the protocol leading to low clinical outcomes. So far, no one to
the best of my knowledge has improved the proficiency of users in skills by practice
using mHealth applications.
Mobile phones provide real-time data to clinicians and researchers to monitor
and prescribe treatments, in addition to the knowledge gained by clinical consulta-
tions. In the past decade, multiple mHealth applications are developed to encourage
a healthy lifestyle using mobile applications [12, 13, 15]. mHealth applications in-
creased adherence to treatments prescribed by health care officials as compared to
oﬄine treatments, but did not achieve expected adherence [10]. Multiple strategies
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like gamification, extrinsic motivations, and interventions were adopted but did not
yield high results leading to importance of introducing new strategies to digital health
[24, 19]. This research focuses on implementing personalized user-experience (to assist
in completion of the tasks) and personalized interventions (personalize skills practice
based on scores) to empirically test effects of personalization in improving adherence.
Different research papers refer to personalization in different contexts [45, 55, 76].
For this research, personalization is modifying and customizing features in an ap-
plication based on clinician’s inputs (such as protocol requirements and degree of
personalization), user’s interactions with the application and user’s preferences like
availability to use the application. An application that is tailored to a user’s require-
ments is more likely to attract the user’s attention. Some examples of personalization
are: sending just-in-time interventions whenever and wherever the user needs, alter-
ing activities in the application to motivate or/and teach user, digitally notifying the
user about his progress [50, 72, 76]. Personalization helps in retaining users during a
long-term protocol and thus, is useful for chronic disease treatments.
Anxiety disorder, a chronic disease, is one of the most often observed mental health
disorders in children [77]. Multiple research using mHealth technologies were done
to improve adherence, like COMPASS and SmartCAT [78, 65]. This research imple-
ments the personalization models in the COMPASS application to test hypotheses
(see Section 3.2).
COMPASS for Courage is an indicated prevention and early intervention protocol
specifically designed to help youth with anxiety disorders. It is a cognitive behavioral
treatment protocol, which requires homework completion to increase effect of the
treatment [75]. An application was designed to support out-of-session homework
(activities) completion. It was highly rated by end-users but did not achieve the
desired level of adherence.
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This research focuses on monitoring the impact of personalization delivered via
mobile applications on user adherence and clinical compliance. We have updated
mHealth application COMPASS to send personalized interventions and observe pa-
tient’s response to it. As mentioned earlier, personalization has two components
- personalized user experience and personalized interventions. Personalized user-
experience aims at improving the experience in the application by integrating user’s
preferences, and adapting to responses, accompanying with motivational age-appropriate
messages [41, 56]. The personalized interventions aim at augmenting the dosage (skills
practice) of the user based on their responses to improve the clinical outcomes. The
system automates both interventions, thus supporting therapists in treatment by de-
creasing the number of follow-ups on patients and avoid ”forgetting”.
My research aims are for this research are as follows:
1. Improve application adherence and responsiveness using personalized user ex-
perience in a mHealth application.
2. Improve clinical outcomes by personalized interventions in a mHealth applica-
tion.
It is to be noted that in COMPASS, it is a hypothesis that increasing the dosage
leads to an overall increase in skill expertise, and thus, decreases anxiety level in
youth.
This thesis’ contributions are a case study to validate the personalization models
(see Section 4.5) using a mHealth application for pediatric chronic disease. Although
contributions are for a single domain, the models can be extended to implement in
other domains as well. Further, I hope this research contributes to development in
software engineering in health care.
The rest of the thesis is divided into 7 chapters. The second chapter discusses
published information related to this research. Chapter 3 presents an overview of the
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COMPASS protocol and the COMPASS mHealth application development in 2015.
Chapter 4 outlines the research strategy, the research method, the research approach,
methods of data collection, the type of data analysis, the ethical considerations and
the limitations of this research. Chapter 5 describes a team-based design and devel-
opment process to iteratively enhance the application and incorporating models in
the application. Chapter 6 describes the experimental studies and the results. The
seventh chapter gives details about the computer simulation of user with random
adherence and the results from them. The last chapter concludes the aspects of the
results and redirects to the future scope in this research.
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Chapter 2
LITERATURE REVIEW
In the previous chapter, we covered the definition of mHealth and a brief introduction
to the purpose of this research. This chapter specifically focuses on literature related
to this research.
The first section explains chronic diseases, the importance of adherence in chronic
disease management and the effects of anxiety as a chronic disease in youth. The
second section will discuss mHealth and the evolution of mobile devices in health
care. The third section will elaborate on different motivations within a person to
complete a task. The two most important motivations are - intrinsic and extrinsic
which are used in application to improve adherence. The fourth section introduces
interventions, the types of interventions that we can use in mHealth applications
and their importance in this research. The fifth section focuses on the literature
available for personalization in mHealth applications. In this section, we discuss
some approaches used in mobile apps for mHealth applications.
2.1 Chronic Disease Management
MedicineNet defines a chronic disease as a disease that persists for a long time
[3]. Medications cannot cure these diseases, nor they can be prevented by vaccines.
They become more common with age. Few common chronic diseases are arthritis,
cardiovascular diseases like heart attacks, cancer, obesity, and anxiety disorders [3].
Chronic disease is the most common reason for death and disability worldwide [83].
Often, the treatment of chronic diseases requires a long-term management plan. The
plan requires a patient to follow a protocol systematically and routinely and the
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protocol needs to be monitored regularly.
Adherence is the extent to which a person’s behavior is consistent with health
care recommendations [33]. If the patient does not abide by the protocol, it leads to
reduced health outcomes and a high cost of health care, especially for chronic diseases
(as they are long term). So, it is important to adhere to the protocol for success of
the treatment [32].
2.1.1 Effects of Non-Adherence
Non-adherence affects around 50-60% chronically ill patients and leads to 33-69%
of medication-related hospitalizations [14, 57]. Nearly, 60% of patients are poorly ad-
herent to treatment [22]. Thus, non-adherence causes distress in patients physically
and emotionally. A review of adherence behaviors by the World Health Organization
noted that “increasing adherence may have a greater effect on health than improve-
ments in specific medical therapy” [11, pg 305]. Some studies showed that only half
of those who were prescribed pharmacological treatments abides by the treatment to
experience its effects [34, 67].
Multiple factors like self-efficacy, initial adherence, schedule changes, or disrup-
tion in behavior contribute to predicting levels of adherence [53]. Other factors which
require more scientific evaluation are intention, physical and cognitive availability,
cost and side-effects [23, 53, 58]. Most patients gave “forgetting” as a common reason
for missing medication [22, 16]. Multiple research is done to analyze and discuss the
reasons for non-adherence. This is a major issue for people suffering from chronic
diseases because, in case of chronic disease, non-adherence leads to additional com-
plications as mentioned before. Thus, it is crucial to devise strategies to increase
adherence in mHealth applications.
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2.1.2 Anxiety in Youth
The American Psychological Association defines anxiety as “an emotion charac-
terized by feelings of tension, worried thoughts and physical changes like increased
blood pressure” [1, pg 1]. Everyone feels anxiety during their lifetime, but for peo-
ple with anxiety disorders, it does not go away and gets worse. Many of the people
facing anxiety disorders even avoid many situations due to anxiety. They may also
experience physical symptoms like sweating, trembling, and dizziness. Several types
of anxiety exist like: general anxiety disorder, phobia-related disorders, separation
anxiety disorder, and social anxiety disorder [2].
The Diagnostic and Statistical Manual for Mental Disorders [73] describes that
children or adolescents can develop anxiety disorders (e.g., separation anxiety disor-
der, specific phobia, and social anxiety disorder). Anxiety disorders are one of the
most often observed mental health disorders in children, affecting over 31% of United
States youth by age of 18 [77]. As mentioned previously, it can have a major neg-
ative impact on daily life for young people and is associated with low-quality peer
relationships, academic underachievement and lowered attendance leading to overall
challenges in physical and mental development of youth [8, 49]. When left untreated,
anxiety disorders can follow a chronic path from childhood to adulthood, resulting
in further risk of mental and physical health problems [8]. Multiple studies are per-
formed to report appreciable advances in treatment for phobic and anxiety disorders
in children and adolescents.
Cognitive and behavioral treatments (like self-evaluation, self-control, relaxation,
and self-reward) have proven efficacious [75]. These cognitive treatments expect chil-
dren to complete homework assignments given during treatment and practice skills.
Often, the status of homework and out-of-session skills practice is a significant predic-
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tor of program response [18, 36]. Hence, it is important for children and adolescents
to complete the homework and practice skills taught in sessions. This led to the
development of a mHealth application - COMPASS for Courage (earlier known as
REACH for Success) to increase adherence to homework practice but did not achieve
the desired level (see Sections 2.2 and 3.2). Due to the importance of homework in
CBT, personalization was implemented in this research.
As mentioned in Section 2.1, studies have shown that most people do not adhere to
a protocol or program, so a need arose to create a new technology which can increase
adherence and solve the aforementioned problems. This led to the development of
mHealth applications, which will be discussed further in the next section.
2.2 Growth and Advancement in mHealth
mHealth was coined to define applications of mobile devices in the health care sup-
port [9]. Earlier mobile applications in the health care referred to basic features like
calling and messaging, but with advancements and changes in mobile technologies,
applications now have created sophisticated features like notifications, self-reporting,
surveys. The recent popularity, adoption, and demand for mobile devices led to a
boost in mHealth applications [26, 54]. Results of a survey conducted by the World
Health Organization show that out of one hundred and twelve member states, around
83% countries reported at least one mHealth initiative [39]. The mHealth applica-
tions allow not only health care practitioners and researchers to monitor the patient,
but can also be a source of communication between both parties. It can also act as
a platform to share patient records [39]. Many researchers have documented appli-
cations of mHealth for self-reporting and disease management like diabetes, smoking
cessation, body weight loss, reducing alcohol consumption, HIV care and prevention
[12, 13, 15, 25, 35, 38, 42]. These applications diversify across interventions from text
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messaging to PDAs (Personal Digital Assistants) to mobile applications.
mHealth applications provide a platform to collect data for behavioral, biologi-
cal and/or environmental data. It also grants access to recommendations through
intervention, whenever and wherever needed and allows researchers to track their
outcomes [43]. National Institute of Health defines intervention as “a manipulation
of a subject’s environment for the purpose of modifying one or more health-related,
bio-medical or behavioral processes and/or endpoints” [6, pg 1, ques 9]. A recent
development in interventions through mHealth applications attracted the interest of
many researchers to achieve adherence [62].
Helmut Brath et al. [10] performed a study on elderly patients at a higher risk of
cardiovascular diseases to test adherence as a result of mHealth apps. This study re-
ported adherence management is workable using mHealth applications [10]. However,
this study depicted no specific numbers for adherence. Another study by Anglada-
Martinez et al. [7] showed that 65% of the studies done on mobile health interventions
had positive outcomes for adherence. A 2010 survey by the American Association of
Retired Persons revealed one in ten respondents used a mHealth application to track
health data like weight, blood sugar, or blood pressure and four in ten are interested
to use a mHealth application in future [46]. These surveys recognize mHealth appli-
cations and their impact on adherence. Thus, mHealth applications were used in this
research to improve adherence in health care.
Recently, concepts such as just-in-time interventions and personalization are adap-
ted from the e-commerce industry to explore their effects in mHealth applications
[56]. Other strategies such as intrinsic and extrinsic motivators were also adopted
to improve adherence [20, 59, 70]. Next section will discuss intrinsic and extrinsic
motivations in detail.
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2.3 Intrinsic and Extrinsic Motivations
Motivation means the general desire or willingness of someone to do something
[4]. Mostly, a person takes actions as a result of motivation such as work, play or
study. Similarly, if one is not feeling inspired or interested in performing a task,
he is not motivated. Not only the motivations for tasks differ in everyone, but also
their level of motivation to perform a task. For example, a student can be highly
motivated to study as he enjoys it, but another student might be studying so that he
can get good grades. Their level of motivation may or may not impact their results,
but have an impact on their actions and emotions while performing the action. In
Self-Determination Theory, Deci and Ryan [20] distinguish between different types of
motivation, categorized based on actions as a result of different reasons or goals. The
most important of these for this research are intrinsic and extrinsic motivations.
2.3.1 Intrinsic Motivation
Intrinsic motivation, as defined by Deci [70], is “doing an activity for its inherent
satisfaction rather than for some separable consequence”. Humans generally have
the tendency to be active, inquisitive, curious and playful, displaying a ubiquitous
readiness to learn and explore [70]. They do not require any kind of external motiva-
tion to do so. Although, these intrinsic motivations can also be impacted by external
influences.
For the purpose of this research, intrinsic motivation is defined as doing an activity
due to its inherent satisfaction, or an intentional behavior due to its personal and
clinical benefits. For example, a person who eats vegetables because he enjoys the
flavor is intrinsically motivated. Likewise, a person who includes vegetables in his
diet to stay healthy is also intrinsically motivated.
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Intrinsic motivation is essential for complete adherence. It drives increased fre-
quency of the behavior, leading to prolonged adherence with application [20]. If we
can make users of the application intrinsically motivated, then we can increase en-
gagement, thus driving adherence. Some examples of intrinsic motivation in the study
are designing an activity enjoyable for the user such that they are excited to com-
plete it or sending messages to the patients to help them understand the importance
of completing activities in the app.
2.3.2 Extrinsic Motivation
“Extrinsic motivation is a construct that pertains whenever an activity is done in
order to attain some separable outcome” [70, pg 60]. When a person is extrinsically
motivated, he performs a specific task to receive either recognition or a reward prize
for successful completion of the task. These rewards can be tangible, or intangible like
social acceptance. In their study, Ryan and Deci [20] proposes that extrinsic motiva-
tion can vary greatly in the degree to which it is autonomous. Extrinsic motivation
reflects goals that are relatively external to the self and include wealth, fame, and
image. When individuals place primary emphasis on extrinsic motivation, they evi-
dence lower levels of autonomy and relatedness as well as poorer physical and mental
well-being and greater health risk behaviors [59].
In mHealth applications, we can inject extrinsic motivation in different forms such
as social sharing, gamification, or monetary rewards. Gamification is the most com-
mon extrinsic motivator in mHealth applications. It is the implementation of most
common enjoyable mechanics of video games in non-video game contexts [52]. Gami-
fication mechanics include features like badges, leaderboard, points, and levels, social
engagement. A study was performed to view the potential for gamification and in-
trinsic motivation on smoking cessation that resulted in a framework for gamification
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as a low-cost, highly effective mHealth solution that may replace or supplement the
behavioral support component [24]. In our application, we are using Blob tricks (see
Section 3.2) as extrinsic motivators.
2.4 Interventions
In Section 2.2, we briefly introduced interventions and their importance in increas-
ing adherence and intervening to modify the health-related outcomes. In mHealth,
interventions can be delivered using two approaches - “pull and push” [41]. A mHealth
application can facilitate user to access health interventions, whenever and wherever
needed. These interventions are called Pull Interventions . In this case, the user
needs to be well-informed and intrinsically motivated (see Section 2.3.1) to access the
information available to him.
Interventions are also delivered when they might need most and wherever, by
integrating features such as location sensors, time of day, and user’s schedule in an
algorithm. Inbal and Eric [55] describes this as Push Interventions . The users during
a state of vulnerability or opportunity may receive a push intervention to avoid a
breakdown. For example, if a person is on a weight loss regime, a notification can be
pushed to him if he is near a fast-food joint, suggesting healthier options nearby or how
many calories he can still take in the day to maintain his daily calorie intake. Another
example of the same can be for smoking cessation to deliver a notification when there
is a change in their vitals to indicate stress. This may indicate an inclination towards
smoking, which push intervention can prevent. Thus, using different technologies like
watch, location, and time, we can suggest interventions without requiring the user
to be self-alerted. The push interventions mechanism is also known as just-in-time
(JIT) interventions [41, 55].
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2.4.1 Just-in-time Interventions
Just-in-time (JIT) interventions can assist in disrupting the relationship between
vulnerability and unhealthy habits to help the users stay healthy. Thus, they can be
extremely useful in chronic diseases, where forgetting (see Section 2.1) is the main
cause of non-adherence. A mHealth application can be designed for chronic dis-
ease management which can facilitate change in factors such as personality disorders,
chronic disorders, and habits. Important decision points for JIT as described by Inbal
[55] are:
1. “What factors mark a state of vulnerability/opportunity?” [55]
The aim is to identify conditions or circumstances in which a person may
experience adverse results or conditions. Once all the conditions are identified and
distinguished based on their positive or negative results, they can guide in selecting
the decision points for intervention.
2. “What possible intervention options can affect the proximal outcomes?”[55]
This step decides the feasibility and effectiveness of an intervention based
on the user’s conditions and atmosphere. Another key point is to be careful about
the intervention’s overall impact on their proximal results. Therefore, one should be
aware of the environment and limitations during the implementation of JIT. Using
this information, interventions are altered to have an intended impact on the results.
3. “What factors mark a state of unreceptivity to the selected intervention op-
tions?” [55]
The aim is to identify the conditions under which an individual is unlikely (or
ethically unlikely) to receive, process or use the intervention options. This depends
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on the severity of the intervention options and the factors influencing the ability/mo-
tivation of the person to receive, process and use them. Consider if a user is trying to
quit smoking but revealed that he smokes when he is tensed, usually at work. If he
is not allowed to use his personal device at work, then it will be difficult to approach
him and intervene.
2.4.2 Just-in-time Adaptive Interventions
An emerging mobile phone intervention design, called Just-in-time Adaptive In-
tervention (JITAI) holds enormous potential for adapting mobile phone delivered
interventions to the dynamics of an individual’s emotional, social, physical and con-
textual state [76]. JITAI is done to prevent negative health outcomes and promote
the adoption and maintenance of healthy behaviors [76]. It builds on the prior knowl-
edge about individual patient and data collected previously on an individual using
mobile devices. For example, location data can be used to update the intervention
model when someone is away from home. Thus, JITAI is not only data-driven but
also conceptually seeded. “The availability of progressively more powerful mobile
and sensing technologies underpin this intervention style as these technologies change
the observation of the temporal dynamics of an individual’s state in real time. Dy-
namic modeling of fine-grained, continuous data on behavior, context, physiology,
biology, emotion, and cognition will capture complex, rapid cascades of events that
are related to changes in behavior” [76]. The motivation for JITAIs is rooted in con-
ceptual approaches which highlight the importance of providing support when needed
and as much as needed to prevent adverse health outcomes and/or promote healthy
behaviors [56]. We will implement JITAI for this research (see Section 2.5.1.1).
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2.5 Personalization in mHealth Applications
Personalization refers to the customization and individualization of products and
services to customer interests and preferences [45]. Prior research demonstrates that
personalizing leads to positive customer responses [45]. In the digital world, personal-
ization is tailoring website and application for every visitor. It is the process of imitat-
ing social processes to provide recommendations based on an understanding of one’s
preferences [37]. Multiple applications and websites have implemented personaliza-
tion to increase customer responses, brand awareness and customer satisfaction [37].
This research aims at observing the benefits of personalization to improve adherence
in mHealth applications and as a result, higher clinical compliance (see Section 3.2).
For this research, it is divided into two sections - personalized user experience and
personalized interventions. Next sections will discuss these in detail.
2.5.1 Personalized User-experience
Personalized user experience can have various aspects such as Just-in-time adap-
tive interventions, user-centered design, and digital nudging [50, 72, 76]. It is used
to alter the application based on the user’s preferences and usage behavior. It can
improve the user’s interactions and support in retaining the user. In the next section,
we will discuss the formerly mentioned approaches in detail for personalization in the
context of this research.
2.5.1.1 JITAI in Personalization
Just-in-time adaptive intervention (see Section 2.4.2) is a strategy to personalize
interventions according to user behavior and requirements [76]. The user receives
these notifications, when and where required. We can also inject user preferences such
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as their availability to make user quickly and/or favorably react to a notification.
In the context of this research, the application is modified based on user availability
for interventions and expected time of completion of daily tasks. These interventions
are delivered to improve user experience based on their schedule and completion
status. The notifications are personalized based on factors such as availability time,
pending items, response, and notification content. The user receives a notification
if some activities are pending and his adherence is below a threshold value. The
application adapts to the response to the sent notification. Based on user’s receptivity
of the notification, either the user is not bothered with more notifications until his
adherence again goes low or a more persistent level two notification is sent.
2.5.1.2 Digital Nudging
Christoph et al. [72] talks about digital nudging as an aspect of personalization in
his paper. Digital nudging suggests leading users toward certain choices intended by
the developer of the application. He emphasizes on utilizing digital nudges to affect
user behavior, resulting in user to make unintentional choices. The heuristics such
as representativeness, knowledge, and availability of a topic and biases drive user
judgments and decisions in situations of uncertainty [82]. So, to direct the user to
perform a task required by the developer, one needs to know and alter these biases
and heuristics. These can be done oﬄine or online (using data analytics). As a next
step, various strategies like decoy or rewards can be added to improve the probability
of the user’s response [72]. Web and mobile applications allow developers to track
user’s interaction [27], which can be used as an input to the algorithm to implement
digital nudging.
In the context of this research, the user’s completion status and his skill score (see
Chapter 4) are used as biases to decide the type of nudge in the application. The
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purpose of the nudge is to improve user’s performance and learning of skill based on
the intervention delivered. These nudges will be different for each user based on their
performance, hence giving a different view and personalized effect to each user.
2.5.1.3 User-Centered Design
Another strategy tried by researchers to improve adherence is user-centered ap-
plication design (UCD). It aims at improving ease of use and adoption by end users
by incorporating user evaluation in the project life cycle. Tara McCurdie et. al.
[50] explains user evaluation leads to the identification of key system requirements
otherwise entirely missed. A UCD can include anywhere from different themes and
user experience to functional requirements. World Health Organization also advises
incorporating user evaluation for effective outcomes [39]. Another benefit of UCD is
increased engagement and thus, improving the likelihood of intervention’s effective-
ness [81]. An improvement in engagement also leads to app effectiveness in sustained
behavioral changes in the users of application [50]. Since the application aims at
youth of 3rd to 5th grade (see Section 3.2), the design can impact the decisions made
by user in view of interventions mentioned earlier. Studies were performed to evaluate
the application design in the past.
In this research, we explore effects to direct notifications to users using con-
cepts such as JITAI and Digital Nudging as discussed earlier (see Sections 2.5.1.1
and 2.5.1.2). User-Centered Design is important for the success of an application,
and a detailed study for the same was done in the previous research study on the
same application. Section 3.2 discusses in detail these studies and their results.
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2.5.2 Personalized Interventions
Personalized interventions are interventions delivered to the user based on their
requirements. They are push interventions (see Section 2.4.1) achieved by augmenting
the dosage. Augmenting the dosage means to vary the dosage given for any treatment
based on the patient’s response. For example, a physician increases or decreases the
dosage based on our sickness and response to the medicine. A similar concept is used
in personalized interventions. Interventions show improvement in clinical outcomes,
but they are not to our knowledge investigated as an augmentation strategy in a
cognitive behavioral protocol such as anxiety disorder treatment. Several researchers
show augmentation of dosage for treatment [31, 79, 80]. These augmentations showed
positive results for cognitive therapies.
Thus, in this research, we are augmenting the dosage (minimum count of skills
practice) to enhance the skills taught in the sessions. We hypothesize that it will lead
to participants trained better in the skills, eventually leading to improved performance
and decrease anxiety. It will also improve the efficacy of the protocol. Although few
researchers have explored this topic in my opinion, more people should pursue it for
improved clinical outcomes. In this research, we are trying to explore it briefly and
view its outcomes.
As described in Section 2.1.2, completion of homework is essential in a cognitive-
behavioral protocol for effective outcomes. COMPASS for Courage (see Section 3.1),
being a cognitive behavioral treatment protocol, needs fulfillment of homework and
skill practicing to overcome anxiety disorders in youth. Therefore, it is crucial for
the mHealth application to motivate patients. Also, patients should not abandon it
else the treatment might fail for the patient. This research hopes to integrate certain
personalization features (see Section 2.5) to improve adherence and benefit the users.
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The research context will be described in detail in Chapter 4. To set the research
context, we need to understand the prior works done for COMPASS application. The
next chapter will discuss the prior works in detail.
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Chapter 3
PRIOR WORK
This chapter provides information about the COMPASS protocol and COMPASS
mHealth application developed in the past 3 years. It will also discuss studies con-
ducted in the year 2015. This information will highlight questions observed in the
studies and impact of personalization on the responsiveness and clinical outcomes.
REACH for Success (now, COMPASS for Courage) is a cognitive-behavioral proto-
col focused on indicated prevention and early interventions to overcome anxiety in
youth. It is an Evidence-Based Intervention (EBI) protocol designed for pediatric
mental health patients. Section 3.1 discusses the COMPASS protocol.
Richard LeBeau [44] shows the importance of homework in cognitive behavioral
treatment (CBT). He suggests that improving the compliance of homework in anxiety
disorders treatment can act as a practical and effective method to improve clinical
outcomes. Homework, or self-practice, is an essential concept to the success of CBT.
In 2015, a mHealth application, COMPASS was designed and developed to assist the
homework practice. The application was designed using User-Centric Design strategy
(see Section 2.5.1.3), and two research studies were performed to analyze the impact
of Usability Design Features of a mHealth App. We will discuss the application and
results of studies in Section 3.2.
3.1 COMPASS Protocol
COMPASS is an indicated prevention and early intervention protocol targeting
anxiety in youth [64, 74]. It is a continuous 6-session protocol, usually delivered as one
session each week. The protocol uses “core exposure-based cognitive and behavioral
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procedures” [64, pg 1]. The protocol focuses on broad-based exposure and problem-
solving skills, which have a wide reach for the range of anxiety disorders targeted
[60]. Each session is normally 20-30 minutes duration and in a group, delivered
by providers. The providers (or Group Leaders) are trained by a COMPASS team
member and then, they conduct these sessions in schools. Each session is generally
divided into sections as specified in Table 3.1 [63].
Section Description
Overview A brief description of all the activities and materials for
students to discuss during the session.
Introduction/Review The first session gives a brief introduction to the proto-
col and welcomes the participants. After that, a review
is conducted to refresh previous session’s proceedings
and takeaways.
Learn the skill Youth learn a new skill to deal with their daily interac-
tions and anxiety.
Activity-based on the
skill
A fun practice activity aids in learning and remembering
the skills. These activities are also given for practice
after the session.
After the session Every child receives tasks to complete as a homework
package. Each week’s homework corresponds to the
skills learned during the week. Also, there is a COM-
PASS tip for parents and teachers to explain the session
and encourage them to remind youth to complete their
homework.
Table 3.1: COMPASS Session Description
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As described in Section 2.1.2, homework is emphasized to cope with anxiety dis-
orders. The focus of the protocol is on broad-based exposure and problem-solving
skills. The skills are designed for different types of anxieties like General Anxiety Dis-
order, Separation Anxiety Disorder, and Social Anxiety Disorder. Core skills include
Emotions (to describe how they are feeling), Relaxation, Daily Diary, S.W.A.P (Sit-
uation, Worry, Action, and Practice), S.A.F.E. (Speak your mind, Ask nicely, Firm
but Kind Voice, Eye Contact), and FaceIt. Each session emphasizes the importance
of practice and delivers activities to practice and learn the core skills. Table 3.2 gives
a session-by-session description of skills and activities [63]. Appendix A describes the
skills and homework in detail.
As COMPASS is a cognitive-behavioral treatment, homework is emphasized to
view effects of the protocol. The homework such as FaceIt is viewed as an exposure
therapy where participants have to interact with people using the tools learned during
the protocol and overcome their anxiety.
3.2 REACH mHealth Application
The REACH mHealth application provided out-of-session support to the protocol
and a platform to complete homework activities. Five activities from in-person proto-
col were interpreted in the application (see [78, 61]). They were STOP (now SWAP),
STIC (now FaceIt), DailyDiary, WorryHeads and Relaxation (see Figure 3.1) [78].
The goal for the application design was to incorporate User-Centric Design principles
(see Section 2.5.1.3). Multiple iterations, validations, and feedback processes were
conducted to achieve high usability.
The users also had access to an imaginary character as an avatar which acted
as an extrinsic motivator. He performed tricks (animations), released according to
a predefined schedule. The schedule was added to the application based on days of
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Session description
Session No. Skills Learned Homework Package
Session 1 Identifying Emotions, Re-
laxation, Daily Diary
Relaxation, Daily Diary, Match It
(practice game for Emotions)
Session 2 S.W.A.P. Worryheads (practice game for
SWAP), S.W.A.P. Sheets
Session 3 Starting Conversations Make Believe (practice game for
Conversations), S.W.A.P. Sheets,
Conversations Sheets
Session 4 S.A.F.E. Stand Up (practice game
for SAFE), S.A.F.E. Sheets,
S.W.A.P. Sheets
Session 5 Face It FaceIt challenges, S.W.A.P.
Sheets, FaceIt Sheets
Session 6 Practice & Putting it all to-
gether
Table 3.2: COMPASS Session Schedule
session to motivate them to complete the activities. All activities were available for
the complete duration of the protocol, and a glow (animation) around the activity
buttons indicated the user to perform an action and complete the activity. The
application tested for various engagement policies which are mentioned in the next
sections.
The new application (see Chapter 5) enhanced the existing application discussed
here and aimed at increasing engagement and adherence further. However, let us
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first discuss the results of the prior research and then, we will discuss the relevance
of these results to this research.
(a) 1a (b) 1b (c) 1c (d) 1d
(e) 1e (f) 1f (g) 1g (h) 1h
Figure 3.1: REACH Application for Study in 2015
3.2.1 External Design Validation Activity
The application development was done as a highly iterative participatory design
process to enable the continuous evolution of application based on feedback. It drove
two feedback sessions with Subject Matter Experts (SMEs) from a school’s advisory
board (SAB) [61]. The SAB consisted of two district administrators who raised issues
of security and safety of application data in phones, ownership for the cost of lost
phones (as phones were provided as a part of the study) and flexibility of application
(support of different platforms).
The application was updated based on feedback from the design validation study
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(see Appendix E), which was then used by two studies. This study ensured the
development of a user-centric design (see Section 2.5.1.3) and safety of the application
that was also considered in the new enhanced version. Next section will discuss the
format of follow-up studies in detail.
3.2.2 Usability Studies
This section discusses, in brief, the studies conducted in the schools to analyze the
effectiveness and usability of the application. A brief introduction to these studies
will help to understand the results.
One study tested the usability of this application in 2015 by providing the appli-
cation to end users (youth) for a day [60, 78]. Android devices compatible with the
application were given. At the end of the protocol, these devices were collected from
the users to extract user data. The study consisted of tasks in application performed
for approximately 2 minutes, followed by fulfillment of a survey. The survey was used
to derive results of usability of the application.
83% of youth and 89% of providers positively rated the application. It was also
rated as an easy to use, easy to understand, and helpful application, yielding high
satisfaction and social acceptability [78]. Approximately 17% of youth showed low
enthusiasm for the application. It verified the application as good to use for most
users. Since most users rated it positively, it has a potential to increase engagement
and thus, adherence to the protocol.
Another study was conducted to analyze the compliance of homework activities
in the protocol based on application usage [60]. The duration of the protocol was 6
weeks. It was carried out in public schools with research assistants and therapists
[60]. A set of activities given to youth was asked to complete each week, based on the
topics covered in sessions [60]. These activities were briefed to the user at the end of
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every session. For example, in module 1, they were to complete relaxation and daily
diary.
3.2.3 Key Findings
The results of compliance of users in the previous studies highlighted a drop in
adherence each week. Clickstream and log analysis (see Section 4.2.2) was used to
evaluate the results of the compliance of users. The compliance of users is the number
of expected activities completed. The data from the trial shows that users used the
application and completed an average of 13 activities per week. However, the number
of completed activities reduced each week. The users completed only 4 activities in
Figure 3.2: Weekly Compliance Graph of COMPASS Application
week 6 (see Figure 3.2) [60]. Also, daily compliance data shows that most users
completed the suggested activities on the last day of the week. This depicts the bigger
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issue of adherence (see Figure 3.3) [60].
Figure 3.3: Daily Compliance Graph of COMPASS Application
The first study (see Section 3.2.2) was a one day study. So, all users got just
2 minutes to interact with the activity and fill their responses in a survey. It is
not adequate time to determine the monotony in the application or if any, technical
concerns. It directed the second study with one session each week. The second study
encountered challenges like lost phone, which lead to loss of data (as it was a native
application and data was stored locally). Moreover, users abandoned the application
as a result of technical defects.
As suggested in Section 2.1.2, a key to cognitive and behavioral treatments is
timely completion of homework, and the compliance of homework assignments and
out-of-session practice impacts the therapy results. These adherence issues lead to
varied results in protocol effectiveness. They can even lead to remission to the dis-
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ease treatment if is not followed (see Section 2.1). Resolving the adherence issue
is essential to improve the protocol efficiency and resolve anxiety disorders in youth.
Previous studies showed that the stability of an application is beneficial to accomplish
consistent interaction of users with the application.
Analysis of the study mentioned earlier shows that the users were not adherent.
The purpose of this research is to improve adherence by integrating personalization
features (see Section 2.5) to COMPASS mHealth application. I believe incorporat-
ing personalization features can increase adherence by optimizing user experience
based on their preferences and augmenting the dosage based on the performance. As
specified in Section 2.4.2, just-in-time adaptive interventions can prevent relapse in
patients. It also can be used to motivate users to complete homework assignments on
time. Further, augmenting the minimum count of activities in the application based
on youth’s performance can give them a broader set of situations to learn and expe-
rience. A better understanding and practice of skills assist the youth when applying
skills outside sessions.
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Chapter 4
RESEARCH CONTEXT
As explained in previous chapters, adherence is a significant concern in the health
industry. If patients do not conform to the treatment protocol, there are high chances
of partial remission or remediation. A study showed a high number of hospitaliza-
tions due to non-adherence of the treatment [57]. Recent studies are investigating
techniques to increase adherence using mHealth applications [7, 10]. The COMPASS
application, enhanced in this research, is a mHealth application that was developed in
2015 to support out-of-session homework practice assignments, and studies were con-
ducted to validate application (see Chapter 3). As mentioned in Section 2.5, adaptive
interventions can yield high responsiveness and clinical outcomes.
This chapter presents the research goals, research methodology, and personaliza-
tion models. The first section expands on research goals, research questions and
the motivation for research. Section 2 describes the actions taken to investigate the
research problem and evaluate the study’s overall validity and reliability. Section 3
shows the evaluation of messages used in the application. The evaluation is conducted
to ensure that the users are able to interpret and understand the messages. Section
4 explains the personalization intervention model designed for this research.
4.1 Research Questions
This thesis’ contribution is a case study in the participatory design of a mHealth
application for pediatric child disorder and an attempt to increase adherence in a
mHealth application using personalization (see Section 2.5). This research endeavors
to achieve high compliance in mHealth applications by empirically testing it for a
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pediatric child disorder application. My research questions are:
RQ1 What is the effect of personalized user experience on application adherence
in a mHealth application?
RQ2 What is the effect of personalized interventions on clinical outcomes in a
mHealth application?
As we discussed in Section 2.5, personalization implements diverse strategies with
different results. The first research question aims at customizing user experience
using notifications in the application based on app usage, adherence, and availability.
It modifies the user behavior by sending notifications based on their schedule and
availability specified in the provisioning survey. The notifications are sent based on
their completion status in the module and the expected time for activity completion.
The first research question examines if sending these customized notifications based
on each user’s schedule will have any impact on adherence of activities. My hypothesis
is as follows:
Hypothesis 1 User experience personalization increases application adherence.
The user experience personalization is a level-based system with two levels. The
level-based experience is decided based on their recent adherence score. By default,
this score is zero for all users. This research question uses Just-in-time adaptive
interventions and and digital nudging to send notifications (see Section 2.4.2,Sec-
tion 2.5.1.2). The personalization here is delivered using notifications. The user re-
ceives a notification with an alert which is displayed in mobile’s notification drawer. A
non-persistent notification can go unnoticed if the user does not register the alert [51],
hence the application sends the second level of notification which is more persistent
and more likely to obtain a response.
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The second research question aims at improving clinical outcomes by augmenting
the dosage of the skills (or activities) to improve the ability of users in the skill.
Based on the exploratory hypothesis, we increase or decrease their dosage (minimum
number of activities in a day) based on their skill score. Skill Score is defined
by the number of questions (or situations) answered wrong in the first attempt. My
hypothesis in this research question is as follows:
Hypothesis 2 Personalization improves the effect size of an intervention.
It is a hypothesis that if youth practice the skills more, they get better at it and
eventually, their anxiety decreases. This research also explores this hypothesis.
Research to increase adherence is one of the significant issues in medicine [62].
Success in Hypothesis 1 will benefit researchers and clinicians to increase adherence
digitally. Also, proving Hypothesis 2 can benefit researchers to provide personalized
interventions digitally, especially in cognitive treatments to receive a positive response
from the patient.
Original REACH application (see Section 3.2) is enhanced with personalization
models to develop an application for this research, re-branded as COMPASS for
Courage. It introduces features like notifications, ease of use, activity completion re-
minders, in addition to existing features such as gamification, age-appropriate design,
practice activities, and theme. The knowledge of key design features in a mHealth
application helps to inform the better design of the app.
The scope of this research is to take the availability of the user and present level
of adherence as an input to the scheduling system and accordingly, send him notifica-
tions. This research does not learn user usage statistics like time of use and improves
its algorithm. Also, it does not accommodate differences in user’s personality (like
gender, race, user environment, and proficiency in technology) and their correspond-
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ing reactions towards technology and application. Also, this research does not focus
on the impacts of gamification on personalization, or if the combined effect of per-
sonalization and gamification can increase adherence. The next section will discuss
approaches to assess the usability of the mHealth app.
4.2 Research Methodology
A mHealth usability study usually relies on survey data. Although, the mobile
platform provides us a convenience to log each user interaction within the application
and save it for further data analysis in the database. Additionally, we have seen in
the past that methods like logs and clickstream analysis are useful to analyze user’s
navigation in application [60, 66]. These user interaction logs help in determining
adherence of user and where users get ”off-track” (non-adherence). We use surveys
to understand the user’s perception of the application. Together, these methods
give a better understanding of the impact of mobile app interventions on clinical
outcomes, most importantly adherence and compliance. Next sections will describe
these methods.
4.2.1 Surveys
The surveys assist researchers by producing reliable and usable information. They
reflect the user’s perception of application and his attitude towards it. Also, they are
relatively inexpensive, and many tools are available online. The USE questionnaire is
used to design a survey in the study to measure usability, satisfaction, and ease of use
[47]. This research customizes existing survey instruments to get tailored user feed-
back about design features in the application. First, the participants were given a sur-
vey before the protocol begins to analyze their knowledge of the technology and their
preferences in a smartphone. The questionnaire is included in Appendix B.1. An-
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other survey was delivered after the protocol. Appendix B.2 shows the questionnaire
used in the research (after protocol ends) to obtain user reviews on the application
and notifications to evaluate usability and understandability, respectively.
4.2.2 Log and Clickstream Analysis
A mobile device can track the patient’s step-by-step interactions. A logging system
is used to achieve it. The logging system can be configured to store data in the desired
location, which can be retrieved later. The logs store the complete clickstream (clicks,
taps or swipes on the screen). Thus, the logs give a detailed description of when the
user completed or left activity and reason for the same. Logging data is useful as it
can persist and can be used later to run a different analysis. We designed a logging
system for the application. The logging system stored logs in a buffer initially and
then send them to a server, which stores them in the database. Along with user
interaction, logs also contain information of transition of an activity instance from
one state to another.
Figure 4.1 depicts an activity instance state diagram for all activities (or skills)
like SWAP, WorryHeads, MakeBelieve, StandUp. The activity instances are initially
in the state ”created” and the final states are Completed or Aborted. Although, the
application does not update an activity instance in states created and suspended to
aborted but if needed the developer can update these states.
The clickstream and logging data collected from the application was utilized to
analyze the results for this research. The clickstream and activity instance states are
utilized to monitor the response to notifications issued during personalization and
adherence of the users, respectively.
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Figure 4.1: Activity State Diagram of an Activity Instance
4.3 Application Study Design
A study was performed to validate the hypotheses in this research. An IRB (In-
stitutional Review Board) approval was received for the study on human subjects.
As the COMPASS protocol targets youth from 3rd to 5th grade, study was performed
in schools. It was delivered by school teachers as part of their job description. All
providers were given specialized training to conduct the sessions. Also, participants
were well-informed about the application and expected homework. The data was
collected after successful completion of the protocol. The data was then processed to
validate the personalization models (see Section 4.5). Chapter 6 will discuss applica-
tion design study in detail.
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4.4 Evaluation of Text Messages
As mentioned in Section 4.1, different notifications are sent to personalize user
experience and motivate users to use an application. These notifications have cus-
tomized messages for the receiver to understand easily. Microsoft Word validated
these messages for the level of reading to improve the experience. An analysis of
the level of reading is critical to address youth for greater understanding. The syn-
tactic and semantic level of a sentence determines the reading level of sentence [30].
The word lists or word length estimates semantic portion, while the sentence length
defines the syntactic part. Multiple formulas, such as Gunning Fog Index, Flesch
Reading Ease, Flesch-Kincaid Grade level, have been constructed to assess reading
comprehension score [17, 21]. Many online and oﬄine tools are available to calculate
Figure 4.2: Reading Level Analysis
these reading levels such as Microsoft Word. A detailed description of steps to enable
reading level in Microsoft Word is available at [5]. It provides the Flesch Reading
Ease Score and Flesch-Kincaid Grade Level. Flesch Reading Ease score rates from
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100. The higher the score, the easier it is to understand the text. Flesch-Kincaid
score rates text on a U.S. school grade level [48].
Figure 4.2 shows results of an analysis of notification content in Microsoft Word.
As we can see, the Flesch-Kincaid score depicts 1.1 meaning that it is interpretable
by grade level 1 or above. The target users of COMPASS application is 3rd and 4th
grade students. It implies that text in notification content is easily readable and
understandable by them.
4.5 Personalization Model
As mentioned in Section 4.1, both the personalizations focus on solving different
problems. Thus, two different personalization models were designed for both the
research questions. The personalization models were used to develop an algorithm in
the application (see Section 5.4). The first personalization model aims at improving
adherence of the user and the second model aims at improving user’s ability in skills
by delivering more practice. The next sections will elaborate on the models.
4.5.1 UX Personalization Model
The first model was designed for Personalized User-experience (see Figure 4.3).
As discussed earlier, all participants in COMPASS protocol (or any other Cognitive-
Behavioral treatment) are given a homework package. This model calculates the level
of personalization for participants each day based on the pending homework for the
day. The model is flexible and can run at desired intervals.
The model utilizes current adherence level - adherent, partial adherent or non-
adherent and current user-experience personalization to determine the level of per-
sonalization for the user for the current day. We can map the level of adherence
like adherent, partial and non-adherent to thresholds. We can also refer to them as
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Figure 4.3: UX Personalization Model
Level 1 threshold and Level 2 threshold as they determine which level of personal-
ization will be delivered. For the purpose of this research, I calculated percentage of
activities completed to given activities for homework. The percentage was mapped to
a threshold and the level of adherence. The adherence was calculated using following
equations:
Adherent = Adherence ≥ Level 1 threshold (4.1)
Partial adherent = Adherence < Level 1 threshold
&& Adherence ≥ Level 2 threshold (4.2)
Non adherent = Adherence < Level 2 threshold (4.3)
The model uses a current level of personalization to decide if the user should
receive a more-persistent personalization. The model judges that if the user is non-
adherent but has not received less persistent level one personalization, then the user
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first receives level one personalization. If the user still fails to improve adherence, then
user received more persistent level two personalization. This model assumes that the
responsiveness of the second level of personalization is higher than first because it is
more persistent and have fewer chances of the user leaving it unattended.
We can use this model by changing the UI (User Interaction) interface or theme
of the application to make the pending activities more easily accessible to the user.
Another implementation of this model is to personalize the notification’s content
and notification path (like SMS for more persistent personalization). The model
is useful when the users are not intrinsically motivated to complete the activities
or for chronic diseases such as anxiety disorder, depression, and diabetes where the
treatment commonly lasts long, and the patient fatigue is a primary concern.
4.5.2 Skill Personalization Model
The skill personalization model refers to the second research question where we
hypothesize that if we increase the skills practice, the user’s ability at skills also
improve. It is exciting for diseases like anxiety disorder where the treatment is done
using CBT, and the patients use the skills to overcome their anxiety.
The second model is illustrated in Figure 4.4. The skill personalization is a medium
to deliver personalized interventions to the users. In skill personalization, the count of
activities/skills practiced in the homework is augmented to increase their proficiency
in the skill (in this case, skill score). The model uses the skill score of all the activities
practiced by the participants and calculates a skill score percentage. The percentage
is used to determine if the user’s ability in skill is good, average and bad. It is also
used to measure the level of skill personalization based on level thresholds. The user’s
ability is determined using following equations:
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Good Skill Score = Skill score ≥ Level 1 threshold (4.4)
Average Skill Score = Skill score < Level 1 threshold
& Skill score ≥ Level 2 threshold (4.5)
Bad Skill Score = Skill score < Level 2 threshold (4.6)
Figure 4.4: Skill Personalization Model
The researcher can choose if he wants to use all activities or the most recent ones.
The homework augmentation in CBT can be useful for applications which train the
users in skills. The personalized interventions model can be updated to include other
factors to judge the new personalization. This model uses yesterday’s personalization
to determine if the Level 2 skill personalization is delivered for consecutive few days
to avoid overloading the user with homework.
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The two above-mentioned models are implemented in the application to enforce
personalization in COMPASS app. Furthermore, the models correspond to each re-
search question where we aim to increase clinical compliance and clinical outcomes.
The next chapter will describe the design of the application. Also, it will present a
detailed description of the implementation of the models.
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Chapter 5
DESIGN AND IMPLEMENTATION PROCESS
This research explores the impact of personalizing user experience and interven-
tions in a mHealth application to improve adherence and as a result, improve clinical
outcomes. An existing mHealth application called COMPASS is modified to measure
the effects of personalization. The COMPASS application aims at reducing anxiety
in youth (see Section 3.2). The main contribution of this thesis is to design a model
to monitor user’s adherence and performance and improve it over the period. This
chapter presents the design and implementation of new activities in the application
and algorithms to personalize. It is important to note here that the design and de-
velopment of this application was a combined effort of a team of software engineers
and the REACH team.
The first section discusses new activities added to the application. The second
section discusses the design of an API-driven (Application Programming Interface)
application. The third section elaborates the mechanism for sending notifications,
and new Call to Actions (CTA) added. In the last section, we discuss algorithms
used to implement models specified in Section 4.5.
5.1 COMPASS Application - New Activities
As specified in Section 3.2, a mHealth application was designed with five activi-
ties from the paper protocol (see Section 3.1). It was designed to support a hybrid
protocol where users could practice skills learned in sessions. The REACH applica-
tion (in 2015) had Relaxation, Daily Diary, Worryheads, SWAP (then STOP) and
FaceIt (then STIC). New activities such as Make Believe, StandUp, and Emotions
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are implemented in this iteration of the application.
(a) MakeBelieve (b) MakeBelieve (c) MakeBelieve (d) StandUp (e) StandUp
(f) StandUp (g) StandUp (h) StandUp (i) StandUp (j) StandUp
(k) Emotions (l) Emotions (m) Emotions
Figure 5.1: COMPASS Application - New Activities
The ”Make Believe” activity provides users situations to train them when and
how to talk to their friends (see Figures 5.1a to 5.1c). The ”StandUp” activity allows
users to record their response while answering a situation where they need to speak
up. They are encouraged to speak nicely. Eye contact is vital for being assertive, so
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this activity also includes Google Vision API to detect if the user is looking directly
at the screen. The Google Vision API does not support all devices, so a timeout was
added to the screen to prevent blocking of the User Interface (UI) for better user
experience [28] (see Figures 5.1d to 5.1j). In ”Emotions” activity, the user can select
how he is feeling and rate the emotion intensity on a Yikes! thermometer. The user
receives suggestions to practice different skills to feel better based on his selections
and the current module in the protocol (see Figures 5.1k to 5.1m).
5.2 COMPASS Application Design
The REACH application was a native application and utilized data stored in
SQLite database to display different modules and situations (see Section 3.2). The
SQLite database contained all the interaction log data. Although it increased the
response time by avoiding network delay, it led to multiple issues like any bugs found
could only be solved during the sessions, and youth lost their devices leading to data
loss.
A RESTful API (Application Programming Interface) is designed to add support
to the application. The API is responsible for all the data displayed and stored logging
data. Also, it helped us to enable or disable activities remotely without configuring
it in the application. The logging data used for validation was not lost even if the
user misplaced the device. The personalization models are also implemented in the
API. The architecture of API is shown in Figure 5.2.
The application is updated to use API for retrieving and storing all the user inter-
actions and activity responses. A schedule is integrated into API to modularize the
landing screen and the application behavior (see Figure 5.3). The schedule includes
the daily schedule for each user based on their protocol and suggested activities to
be completed. The schedule is used to calculate adherence and skills score for both
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Figure 5.2: Server Architecture
personalizations. The schedule also logs completed activity instances and the level of
personalization for each user everyday.
Additionally, a logging framework was designed and developed in the application
(a) Module 1 (b) Module 2 (c) Module 3
Figure 5.3: COMPASS Application - Module Landing Page
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using Aspect-oriented programming [40]. The framework allowed the application to
store interaction logs such as activity opened, closed, and button clicks as a Logger
model. It saved the interaction logs in the file system and sent them to the server
every minute. Since the interaction logs are JSON string, they did not consume a lot
of user’s data. The logs were represented as Listing 1.
{ "format" : "JSON",
"level" : "INFO",
"metadata" : "{\"timeSpent\":4.853,\"methodName\":\"onPause\"}",
"patientPin" : "11111",
"subtype" : "Blob",
"timeStamp" : "12.03.2019 15:02:24",
"trialId" : "1",
"type" : "ACTIVITY_STATE"
}
Listing 1: Log example for open or close of activity
The type field in the logs represents if it is a system event, or a user interaction
event or when the user opens or closes an activity or change in activity instance
states as discussed in Figure 4.1. The different system events logged are screen lock
or unlock, change in network connectivity, and when the user is about to leave the
application due to notifications or calls. The subtype denotes name of the class in
which interaction took place, and the metadata contains any extra information about
the interaction. The metadata is also a JSON string. This method of logging is
useful and simpler to interpret user click-stream and his behavior. For example, one
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can infer that the user opened WorryHeads but received a call and then when the
call ended he continued with the WorryHeads or exit the application. The logger
framework is robust and other applications can also benefit from it. The team in
HEAL Lab contributed to the implementation. The application was deployed for
case studies (see Section 6.1).
5.3 Notification and CTAs
The application had multiple calls to actions (or CTAs) to ensure user completes
suggested activities. The buttons start glowing if an activity is pending, indicating the
user that they need to complete it (see Figure 5.4a). If the user completes the activity,
glowing of buttons stops. Although, if user does not respond, then notifications were
sent to the user to remind them to complete activities.
Two levels of notifications were designed in the application to ensure a response
from user. The first level (see Figure 5.4b) shows notification in the notification tray
with others, where user can click and interact with it. If the application fails to
receive a response, then second level, a more persistent notification (see Figure 5.4c)
is sent. The second level of notification opens the application with a relevant message
with a list of pending activities.
Google’s notifications service called Firebase Cloud Messaging , commonly known
as FCM [29] was implemented for the same purpose. FCM allows communication
from server to the application based on a unique registration token for all devices
(see Figure 5.5). The application receives registration token and sends it to the
server. The server then sends notifications to all registration tokens for each user.
Also, the notification life cycle - received, opened or dismissed is also logged using
logger specified in Section 5.2. The user can opt out of notifications anytime the user
wants, which helps in ensuring the user’s preferences and privacy.
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(a) Glowing buttons (b) Level 1 Notification (c) Level 2 Notification
Figure 5.4: Notifications
Figure 5.5: FCM Architecture Flow
5.4 Personalization Algorithms
As we discussed in Sections 2.5 and 4.5, the personalization for the user is achieved
using two techniques - user experience personalization and personalized interventions.
The API delivers both personalizations. Timer tasks were created in API to run at
specific intervals to evaluate the model for each patient and do the needful. The next
subsections will discuss implementation of both personalization algorithms in detail.
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5.4.1 Personalized User-Experience Algorithm
The personalization model discussed in Section 4.5.1 was updated for the app
as per requirements. Figure 5.6 shows app’s implementation of the personalization
model. The participants receive daily activities. If users do not complete these activ-
ities, then rules are evaluated for the personalization. The rules deliver a notification
only if time is within the user’s preferred time, as shown in Figure 5.7.
Figure 5.6: UX Personalization Application Algorithm
As specified in Section 4.5, the algorithm decides level of personalization for user
based on their level of adherence (see Figure 5.6). As user needs to complete more
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than one activity, an average of adherence percentage is calculated for all activities,
any outlier activities with adherence more than average adherence are removed. If
the user’s level of adherence is between Level 1 Threshold and Level 2 threshold,
then a Level 1 Personalization is delivered. If the user’s level of adherence is less
than Level 2 threshold, then he receives Level 2 Personalization else no action is
taken. The thresholds are configurable in API’s code. Also, user receives a Level 2
personalization if and only if he has received Level 1 personalization earlier. As level
two notification is more persistent and requires immediate action, a less persistent
notification is sent to give user a chance to be more adherent.
In the application, level 1 personalization is sending a notification to user about
pending activities. The user can either click on the notification or access it from
notifications tray. Although, second level of notification opens the application for
the user with a set of activities to be completed (see Section 5.3). After evaluating
output of personalization model in Figure 5.6, the algorithm analyses when to send
a notification. The personalization level, pending activities, and user’s available time
are considered to decide notifications. If either of condition is not met, then no
notification is sent. The model also verifies if a notification for an activity is sent to
user to avoid duplicate notifications in a day. The model calculates adherence for 3
days to include temporal proximity in the algorithm.
5.4.2 Personalized Interventions Algorithm
The personalized interventions are delivered as skill personalizations. The users
are expected to complete activities every day. Activities in the application such as
WorryHeads, StandUp and MakeBelieve can be graded based on first option selected.
If first option is correct, then points are rewarded, else a zero is given. The user does
not see his/her score. Algorithm 1 shows a pseudo-code for the skill personalization
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Figure 5.7: UX Personalization Delivery Algorithm
implementation for each activity. This algorithm is derived from the model specified
inSection 4.5.2.
A timer task is run every night to calculate the level of skill personalization. The
skill score is used to calculate the user’s level of skill personalization. The user receives
Level one personalization if the score is between L1 threshold (80%) and L2 threshold
(50%). If it is below L2 threshold, then the user receives Level 2 personalization. The
user can receive Level 2 personalization for consecutive 2 days. If user qualifies for
Level 2 personalization for the third day as well, then the level of personalization
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Algorithm 1 Personalized Interventions Algorithm
sc← suggested count for today
score← score of past activity instances till reset date
past personalization← personalization received in past 2 days
if score < 50% then
if past personalization = 2 then
reset date← today
sc remains same
else
skill personalization← 2
sc← 2 ∗ sc
end if
else
if score ≥ 50% & score < 80% then
skill personalization← 1
sc← 1.5 ∗ sc
else
sc remains same
end if
end if
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is reset to Level 0. Also, aforementioned new date is used to calculate the skill
score. It is done to avoid biases from older data, which may lead to incorrect skill
calculation if the user did more incorrect activities in the past. Thus, updating reset
date incorporates temporal proximity in the application. The output of this algorithm
sets a new suggested count for activities which is utilized to calculate adherence for
the day. The user can view updated suggested count of skills on bottom of the screen
in the application.
In this research, level 1 personalization increases number of activity instances or
suggested count by 50%, and Level 2 personalization increases by 100%. This model
is created with an assumption that an increase in skills practice results in increased
knowledge of skills. Thus, relating it to research question 2 (see Section 4.1).
All features and algorithms added in the application were done keeping standard
software design practices in mind. The code implemented is robust, except for the
implementation for schedule. The schedule was decided to implement for each user
separately due to shortage of time. The algorithms designed for the application were
done with inputs from our partner in the Psychology department, Dr. Pina. In the
next chapter, we will discuss experimental studies completed to verify hypotheses.
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Chapter 6
EXPERIMENTAL STUDIES
This thesis focuses on validating the two research questions mentioned in Chap-
ter 4, Section 4.1. The first research question evaluates the effects of personalization
on adherence and the second research question evaluates the effects of personalization
on enhancing effect size of interventions. This chapter discusses all three pilot studies
conducted for the validation, followed by analysis and results. The analysis is per-
formed using clickstream, log data, and activity instance state to determine patterns
of users response (see Section 4.2.2).
6.1 User Studies
Three pilot studies were conducted in April and May 2019 to validate the impact
of adaptive interventions for improving responsiveness and clinical outcomes. An
Institutional Review Board (IRB) approval was taken to conduct all studies (see
Appendix C.1). After IRB approval, the ASU REACH Institute gave training about
the COMPASS protocol to caregivers. Next, caregivers in the school were asked to
identify youth suffering from anxiety. A survey was used to identify youth with an
anxiety disorder and those who can benefit from the COMPASS protocol. Then,
a short consent form was given to all parents to participate in the study and to
inform them about the installation of the application on their phones. They were also
informed about data collected from the COMPASS application (see Appendix C.2).
The consent forms were sent in the English and Spanish language depending on
parent’s preference. After successful completion of consent forms, the application
was installed in phones. Some youth were not allowed to bring a phone to the school,
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so an application installation manual (see Appendix B.3) with a step-by-step guide
was given to install the application, and a phone number (Google Voice number)
for assistance if needed. They were also given a troubleshoot manual for youth and
adults, if they face any issues (see Appendix B.4). A pilot version of the application
was also deployed and released on the Google Play Store to make installation process
easier.
All the user studies were differentiated in the database with different de-identified
pins to keep user’s identity private. Only the therapist in schools can map the youth
to the pin.
After the screening and consent process, 3 youth were identified with an Android
phone at one school in Gilbert district. One of them had a personal phone and the
other two used an android phone in their family. Also, I went to the first session and
explained activities in the application. Despite providing all resources and constant
reminders, no one downloaded and installed the application in phone.
Another user study was held at Graham County with 2 groups. Due to urgency
of starting the protocol and remote location, I could not visit sessions. A video chat
was set up to show the application and help them with its installation. Some issues
faced in the installation were parental controls disabling users in downloading APK
file and WiFi restrictions in school. Again, after constant reminders and notifications,
no user installed the application.
The third user study was conducted with 5 youth in the group. The youth were
diagnosed with anxiety and their parents were asked for an informed consent. I went
to the school to install the application in phones. One of the students had an Amazon
Fire Tablet, which was not supported by the application. Hence, youth did not have
access to the application. Another user did not have access to an Android phone due
to which user was asked to complete paper homework.
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3 youth from third user study installed the application. One youth was using
his/her parent’s Android phone as the version of the personal phone was less than
the supported version. It might be interesting to view if using parent’s phone might
have an impact on the response to personalizations delivered as the parents might be
busy or not physically present with youth. The clickstream and logging data collected
from the application was utilized to analyze results for this research. Next section
will discuss the analysis and results of third user study.
6.2 User Study Analysis
Each user used the application with personalization for 2 weeks. The personal-
ization for all the users started from Module 2. Out of the three users, one was using
parent’s device (7003), and the other two (7002, 7005) were using their personal
device. This may lead to some biases in response to notifications as youth might
not have access to phone when a notification is received. Data collected included
qualitative responses to surveys and app data.
6.2.1 User 7002 Analysis
The user 7002 is a male and was using a personal phone. He installed the ap-
plication 2 days after starting the protocol. Other than late installation, he was
compliant and completed all activities in Module 2. The log analysis also showed
that user opened the notification for Level 1 but he opted out of the notification page
to the landing page and completed other activities. No response to notifications was
received on the weekend. He responded to notifications around 1-4 hours later, and
can be categorized as a push intervention user (should be notified).
The user also received skill personalization twice. He also received notifications
on both days to complete the activity. He responded to both notifications and started
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the activity, but did not complete it. One reason can be that the user got scared after
viewing the situation and did not like it. Another probable reason can be count of
activities shown on bottom navigation in the application changed from 5 to 8. We
can say that user could have been confused by the count because when user received
skill personalization the second time, he opened make believe twice hoping that count
might change back to 5. Since it did not change the count, the user did not complete
activities both times and aborted within 4 seconds.
6.2.2 User 7003 Analysis
The user 7003 is a female and was using a parent’s phone. She was adherent to
the activities till Module 2 but did not respond to any notification received on the
weekend during Module 3. She responded to the first notification issued on the second
day of Module 3, but only completed Make Believe. After that, she dismissed all other
notifications. As she was using a parent’s phone, it could be possible that the parent
dismissed the notification as being busy. Although, she is completely adherent on
the day before last session. The user was least adherent in Module 4 as compare to
others who were least adherent in Module 3. She is categorized as pull interventions
user (self-trigger) because she completed activities before the notification was issued.
6.2.3 User 7005 Analysis
The user 7005 was a male and was using a personal phone for the protocol. He was
not compliant initially, but the log analysis showed that a notification was sent to the
user to which he responded and completed the activities. The log analysis also showed
that he opened the notifications for Level 1 twice and completed other activities, but
no response was received on the weekend. As he responded to all notifications, the
user can be categorized as a push interventions user (needs to be notified).
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The logs show that he started doing some activities when the level two notification
was received but was only partially adherent. When no notification was delivered the
next day, he did not complete any activities. It could indicate the user’s dependency
on notifications to interact with the application. The user received skill personaliza-
tion but was non-adherent on that day so, no data was received.
6.2.4 Aggregate Log Analysis
The users were adherent or partially-adherent until Module 2. In Module 3, all
days lied on weekends. All three users received L1 and L2 notifications, but they
mostly did not respond. One reason can be the weekend, and they might be involved
in other activities with family. Therefore, the algorithm should be modified to include
weekends. One method can be to update the model to adapt if the response is
not received on holidays, then send a notification again. Also, adherence did not
increase after Module 3 by a greater margin but some activities were completed (see
Figure 6.1).
Furthermore, users went in the application and played with activities such as
Relaxation and Emotions which did not contribute towards adherence. Emotions
is one of the activities which all users completed regularly. The data shows some
improvement in adherence in initial days, but we can still see the fall in adherence
after the third module. Although, curve did not have severe change from the trials in
2015 (see Section 3.2.2), but it improved for the first few modules and the adherence
improved in the last module when more level two notifications were issued. A reason
for the drop in adherence can be because all three activities Make Believe, WorryHeads
and Stand Up have similar UI. As they had to do more of these three activities (5
each day each activity), the user might have been distracted as their UI is similar.
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Figure 6.1: Module Based Adherence for All Users
6.3 Discussion
The results did not show any conclusive data for second research question. The
skill personalization for activity was delivered to two users (7002 and 7005). Only 7002
opened and started doing the activity, but did not complete it. It happened twice
during the protocol, which can indicate either user got confused seeing a different
number of minimum activities on the bottom navigation.
The results presented in this research show the impact of personalized user ex-
perience on adherence in initial days of the protocol. But, sample size of the study
(n=3) was too small to generalize results. Hence, a simulation was designed to view
the effects of personalized intervention among different kind of users. The data was
also used in determining user behavior in simulation. The next chapter will discuss
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the simulation in detail and its results.
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Chapter 7
COMPUTER SIMULATION FOR ADHERENCE
As discussed in Chapter 6, the sample size was small, so a computer simulation
was designed and developed to model users and evaluate the impact of personalization
on users. This chapter presents details of the experimental setup, followed by results
and observations.
7.1 Experimental Setup
Different users with different adherence level are simulated. Some users do not
have any personalizations (to define a baseline response) for natural adherence, and
others have different low and high response rates for both levels of personalizations
(digital strategy). The Natural Adherence is modeling the unmodified natural be-
havior of youth - their attitude for homework in the protocol. The Digital Strat-
egy is our hypothesized (but not grounded) impact of introducing digital strategy
(personalization model). Set of strategies for each user group is given in Table 7.1.
Appendix D.1 shows the set of all users in the simulation. The response rate of users
was also changed based on day of the week. From Section 3.2.3, we can conclude that
users tend to have maximum adherence on one day before the session and once in
between the week. The same adherence with different response rates was modeled in
simulation.
The users were created for 10%, 20%, 40%, 55%, 70%, and 80% response adher-
ence to cover all users with the natural behavior of non-adherence, partial adherence,
and adherence. The difference in response was derived based on the results of the
research study conducted in 2015. The simulation used the API (see Section 4.5.1)
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Strategy L1 Response L2 Response
No Personalization - -
Low Response Low Low
Low L1 but high L2 response Low High
High L1 but low L2 response High Low
High Response High High
Table 7.1: User Group Strategies
designed for application to complete and calculate the personalization level. It ran-
domly determines an adherence level based on the natural level, and L1 or L2 based
on whether the user received it at that time. The user’s default response is considered
as 0 Level (no personalization). The simulation was conducted for two use cases. The
first use case had same adherence level every day, and the second one had different
adherence level on all days of the week. The response to L1 and L2 was also varied
based on same criteria.
7.2 Simulation Analysis
This section will discuss outcomes of both simulations. The first sub-section will
discuss a case study for simulation with same adherence every day, and the next
sub-section will discuss case study with different adherence level on all days of the
week. The protocol for both cases ran for 35 days (7 days in each module). The day
count starts from 0 and hence the first day in graph is Day 7, which represents 8th
day of protocol. Also, we are plotting graphs from day 7, since no personalization is
delivered before. The user is not required to do any activities, but should just get
acquainted with the application.
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7.2.1 Use Case 1
The simulation ran for 30 patients 42 times to verify implementation of user
experience personalization model in this case. The results were analyzed for different
strategy groups suggested in Table 7.1. Here we will only discuss one strategy - Low L1
and High L2 response. The graphs for other strategies can be found in Appendix D.2.
As the graph is very wide, we will only look at days 20 to 29 (see Figures 7.2
and 7.4). Also, complete figure for this strategy is available in Appendix D.2.
Figure 7.1: Adherence for Users with Low L1 and High L2 Response
Figure 7.2: Level of Notification for Users with Low L1 and High L2 Response
If we consider users with adherence 10% (dark blue) and 20% (red), their inherent
level of adherence is low. When a level 1 notification is issued, the user’s adherence
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increase by 10% - 20%. Although, when an L2 notification is issued, the adherence
level increases drastically making the user more adherent. Also, maximum number
of level 2 notifications are issued for user with lower adherence levels like 10% and
20%. Similar effect is viewed in other strategies shown in Appendix D.2. It shows
that the adherence level can be increased with personalization if the user’s adherence
stays the same throughout the protocol. It will be although a rare case. So, another
simulation was performed while varying adherence level and response level every day
of the week.
7.2.2 Use Case 2
The simulation was again run for 30 patients 38 times to verify personalization
model. The simulation was plotted using mean of adherence over all runs. Each
graph was grouped based on response type from each user - No personalization, low
L1 response and low L2 response, low L1 response and high L2 response, high L1
response and low L2 response and last, high L1 response and high L2 response (see
Table 7.1). The users for this simulation are in Appendix D.3. We chose to plot
according to this strategy as we wanted to see the similarity between users for the
same group but different inherent adherence level.
Figure 7.3 shows a baseline execution for all users with no personalization. The
graph represents an average adherence over multiple runs in simulation. The graph
looks similar to observations in a research study conducted in 2015, where last day
was usually with highest response and a peak was observed in between the sessions
(see Section 3.2.3). A wave was observed in the graph. The graph shows expected
trend with the average adherence for users with their suggested level of adherence,
thus validating our simulation.
The graph in Figure 7.4 shows a group of users with low response to L1 notifica-
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Figure 7.3: Day Based Adherence for Users With No Personalization
tions, but high response to L2 notifications. This phenomenon was observed for user
Figure 7.4: Day Based Adherence for Users With Low L1 and High L2 Response
7005 in the user studies where (s)he does not respond to L1 notification frequently
but responded to an L2 notification. If we compare this graph to no personalization
graph (see Figure 7.3), we see that the curve for adherence level is smoother and has
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increased. This graph is similar to the graph without varying the adherence response
in Figure 7.1. It shows that users with varying adherence level also behaves the same
as with same adherence level if personalization is injected and thus, increasing the
adherence of all users. Graphs for other strategies in Table 7.1 is in Appendix D.4.
The simulation does not include adherence drop in users as the protocol proceeds.
The graphs in 5 strategies show response difference and improvement as expected by
the algorithm. We can conclude that adherence is improved over time even with a
low response for L1 and L2 notifications. It suggests hypothesis 1 that user experi-
ence personalization increases adherence. The algorithm can be although improved
to include constant decrease in adherence as the protocol proceeds to yield more com-
parable results to the ones in user studies (see Section 6.2) and new results can also
highlight a method to re-iterate personalization algorithm to overcome the decrease
in responsiveness after 3rd module.
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Chapter 8
CONCLUSIONS AND FUTURE SCOPE
The adaptive interventions for user experience were successfully able to improve
the adherence and responsiveness in the application. Results from user studies show
that personalization delivered improved adherence in initial modules of the protocol
except for weekends. Although due to small sample size (n=3), we cannot conclude
that all users will not have an impact of personalization during weekends and later
in the protocol.
The results also show youth responded to notifications except one who was using
parent’s phone. We also see from results that as the homework increases, the ad-
herence decreases. It can be due to similarity in UI of MakeBelieve, StandUp and
WorryHeads which led to user fatigue.
Due to insufficient data, we were not able to achieve an unambiguous result to
the second research question (dosage augmentation improves clinical outcomes). Al-
though, we can assume that user did not complete activities due to increased dosage
as youth opted out of the activity and completed other activities. The users also
completed activities such as Emotions and Relaxation, even though they did not con-
tribute towards adherence. Relaxation is a mini-intervention and has an immediate
effect in making the user feel better. Also, emotions also act as an assessment tool to
share how the user feels.
The limitations in this research were the small sample size, and shorter length of
COMPASS protocol (2 weeks) as compared to normal length of protocol (6 weeks).
Also, one user’s (7005) survey was incorrect as he responded 10 (liked a lot) to all
activities in the survey, even though he was non-compliant.
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It will be interesting to explore effects of personalization during the full length of
protocols (one module per week for COMPASS). We can conclude that responsiveness
increased after personalization, but it saw a drop after 3rd module and on weekends.
The model can be also changed as follows: instead of personalizing every day, if the
response is not received, the personalization level should be increased to avoid fatigue
in application. Also, it can be updated to especially target users for holidays like
weekends. Another option can be to deliver contextual homework based on situations
youth might face on weekends like interacting with friends in park, or making new
friends. The new data images will also reflect an impact on clinical outcomes. The
preliminary results of these experiments do not seem to be satisfactory, and further
study is still required to understand behavior of the two adaptive intervention models
proposed in this research. An extension of the models will be useful for improving
responsiveness and clinical outcomes.
The team at HEAL Lab in collaboration with the ASU REACH Institute also
designed and developed a new application in past months (see Figure 8.1). The new
application incorporates progression of modules. Each module has dynamic set of
activities (on its sub-landing page) which is decided by the therapist for each user.
The Figures 8.1c to 8.1e shows sub-landing page of each module.
It creates a story for the user moving from one island to another while conquer-
ing each island (learning and mastering skills on each island). The landing page in
application has 5 islands, one for each module. The islands are covered with clouds
(locked) unless the modules are taught in session. The new application also stores
and retrieves data from the API. The schedule in API was dynamically created for
each user. The user also sees progression in the application through avatar Blob.
As the user completes a level (module), the avatar grows and gains a super power
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(a) 1a (b) 1b (c) 1c
(d) 1d (e) 1e
Figure 8.1: New COMPASS Application
(see Figure 8.2). The application is iteratively designed with Subject Matter Experts
(SMEs) to achieve high user responsiveness and to engage user in the application. It
will be interesting to see combined effect of new user-experience and personalization
models proposed in this research to improve responsiveness and clinical outcomes.
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(a) 1a
(b) 1b (c) 1c
(d) 1d (e) 1e (f) 1e
Figure 8.2: Avatar Progression in COMPASS
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APPENDIX A
COMPASS SESSION DESCRIPTION
77
A.1 Session 1
”Identifying the Emotion” is an introductory skill demonstrated with images to
recognize the emotion they are feeling. An associated activity called MatchIt is
introduced to identify their emotion.
Relaxation is a pre-recorded standardized step-by-step process designed to im-
prove the self-regulation of physiological hyperarousal anxiety through respiratory
exercises, muscle tension/release exercises, and imagery[60].
Daily Diary is a journal for youth to pen down the situations where they felt
emotion, and their thoughts and actions. The entry in the journal may range from
happy to anxious, scared, or nervous. They are encouraged to write to facilitate
self-evaluation of expressiveness and causes them to reckon their actions.
A.2 Session 2
S.W.A.P. is a cognitive self-control technique introduced as a four-step plan. It
is an acronym that stands for S = Situation, W = Worry Thought, A = Action,
Thought or Plan, and P = Practice. Practicing skills is emphasized in each session.
The child first practices this strategy with Worryheads game and then replaces the
actions in real-life scenarios to use S.W.A.P. The kid also gets a worksheet to solve
Worryheads at home. He has to fill S.W.A.P. Sheets with situations where he faced
anxiety and used SWAP to overcome it. They are expected to fill S.W.A.P. Sheets
at least 2-3 times in a week. Each skill learned in a session is encouraged to practice
in all the upcoming weeks.
A.3 Session 3
This session focuses on When’s and How’s of a conversation. This skill is to help
them deal with social anxiety. The intention of this session is the importance of talking
and listening to new and old friends. For youth, this is a crucial skill to keep friends
and make new friends. A game called Make Believe is introduced to them to play.
It contains social situations and options for when’s and how’s of interactions with
another fellow student in those situations. They are then asked to talk to some fellow
students and fill in Conversation sheets. More MakeBelieve exercises are distributed
to practice at home. They are still encouraged to fill S.W.A.P. sheets.
A.4 Session 4
S.A.F.E is a tool for youth to learn to be assertive. S.A.F.E. stands for S =
Speak Your Mind, A = Ask nicely, F = Firm but kind voice, E = Eye contact.
The participants are inspired to always speak their mind. The youth then try some
example situations to choose what to say using an activity called Stand Up. In
StandUp activity, the users select an action for a situation (they can potentially
come across) and then speak nicely while making eye contact. They are motivated
to complete as many Stand Up activities as they can, and also use S.A.F.E. Their
experience is asked to fill in S.A.F.E. sheets.
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A.5 Session 5
The youth practice situations where they can feel nervous, or anxious. They have
multiple challenges to invoke various kinds of anxiety and rate them on a Yikes!
Thermometer. The range of the thermometer is 0-8. They rate the challenges in
thermometer based on their level of anxiety. They are asked to complete face chal-
lenges rated between 4 to 6. The youth are expected to complete as many challenges
as possible. A teacher or provider is asked to verify the FaceIt challenges completed.
The youth can then write about the challenges in FaceIt Sheets.
A.6 Session 6
This session focuses on wrapping-up the protocol. The skills are revised, and kids
are reminded to continue practicing skills after protocols.
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APPENDIX B
APP RESOURCES PROVIDED FOR EXPERIMENTAL STUDIES
80
B.1 Survey Before Protocol
81
1. How long have you been using a smartphone?
(a) Started during spring break this year (3 mo)
(b) Started this school year (6 mo)
(c) Started since grade (12 mo)
(d) Started since before grade (24 mo)
2. What kinds of apps do you use all the time on the phone?
(a) Social networking like Instagram or Snapchat
(b) Texting apps
(c) Google chrome
(d) Fitness apps
(e) Games
(f) Others
(g) None
3. How often do you use the following types of apps?
Not
at all
Somewhat
Very
much
Social networking like Face-
book, Twitter, Instagram
1 2 3 4 5 6 7 8 9 10
Texting apps 1 2 3 4 5 6 7 8 9 10
Google chrome 1 2 3 4 5 6 7 8 9 10
Fitness apps 1 2 3 4 5 6 7 8 9 10
Games 1 2 3 4 5 6 7 8 9 10
Other Apps 1 2 3 4 5 6 7 8 9 10
4. How much do you like these apps?
Not
at all
Somewhat
Very
much
Social networking like Face-
book, Twitter, Instagram
1 2 3 4 5 6 7 8 9 10
Texting apps 1 2 3 4 5 6 7 8 9 10
Google chrome 1 2 3 4 5 6 7 8 9 10
Fitness apps 1 2 3 4 5 6 7 8 9 10
Games 1 2 3 4 5 6 7 8 9 10
Other Apps 1 2 3 4 5 6 7 8 9 10
5. How much do you like playing video games on phones?
Not at all Somewhat Very much
1 2 3 4 5 6 7 8 9 10
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B.2 Survey After Protocol
83
Description
Not
at all
Somewhat
Very
much
I am happy with the app. 1 2 3 4 5 6 7 8 9 10
I would tell a friend about this
app.
1 2 3 4 5 6 7 8 9 10
This app is fun to use. 1 2 3 4 5 6 7 8 9 10
This app works the way I want
it to work.
1 2 3 4 5 6 7 8 9 10
I was able to use the app on my
own -without any help.
1 2 3 4 5 6 7 8 9 10
I want to keep using this app. 1 2 3 4 5 6 7 8 9 10
The text messages in the screen
were easy to read.
1 2 3 4 5 6 7 8 9 10
Buttons on the screen made it
easy to find my way.
1 2 3 4 5 6 7 8 9 10
I liked the way this apps looks. 1 2 3 4 5 6 7 8 9 10
The text messages in the screen
were easy to understand.
1 2 3 4 5 6 7 8 9 10
How much did you like Blob 1 2 3 4 5 6 7 8 9 10
How much did you like Relax 1 2 3 4 5 6 7 8 9 10
How much did you like Worry-
Heads
1 2 3 4 5 6 7 8 9 10
How much did you like Stand-Up 1 2 3 4 5 6 7 8 9 10
How much did you like Make-
Believe
1 2 3 4 5 6 7 8 9 10
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B.3 App Installation Guide
85
CO MP A S S  A P P  INS TA L LA T IO N  
1. Click on the application to download. 
2. You might see one of the following screens. If you see Screen A, follow steps in Section A in the 
end and if you see Screen B, follow steps in Section B in the end. After completing these steps, 
please continue with next steps. 
        Screen A     Screen B 
3. Tap on Install. Tap on Open when you see App Installed. 
 
 
Tap here 
Tap here 
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4. Please allow all the permissions asked for as follows: 
 
5. Now, tap on Press Here. 
6. Tap on Respond and enter https://swent1linux.asu.edu/ReachAPI/rest/ and tap Done. Now, tap 
on Next. 
 
 
Tap here 
Tap here 
Tap here 
Tap here 
2. Tap here 
1. Enter URL 
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 7. Tap on Respond and enter the PIN assigned to your child and tap Done.  
 
8. Tap Next. And you are all set!!! You should see something like this: 
 
                     
 
9. If you face any issues, please contact on (480) 331-4102.  
 
Tap here 
2. Tap here 
1. Enter PIN 
Tap here 
Tap here 
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SECTION A: IF YOU GOT SCREEN A,  FOLLOW THE STEPS BELOW: 
     A.1 Tap on Settings in Screen A. 
     A.2  Tap on Security in the Settings. 
 
     A.3  Look for Unknown Sources and tap on it. 
     A.4  Tap on OK in the pop-up. We will not use your personal data. 
     A.5  Now you can continue with installing application. 
SECTION B: IF YOU GOT SCREEN B,  FOLLOW THE STEPS BELOW: 
    B.1  Tap on Settings. Tap on “Allow this source” and tap back. Now you can continue with installing 
application 
Tap here 
Tap here 
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B.4 COMPASS App Troubleshoot Manual
90
  PRACTICE APP for STUDENTS 
 
1. Network Issues 
If you see an error: “Not connected to Internet”, do these steps: 
Step 1. Search for the Google Chrome app. It will look like this:  
Step 2. Follow the instructions below: 
   
Step 3. If it loads and you see Google written on screen, then go to your COMPASS app 
and tap “Try Again”. If it does not work again, ask your parents for help. 
Step 4. If it says, “No Internet”, ask your parent or teacher to help you connect to the 
Internet. 
2. You get an error message saying contact your parents/teacher 
Step 1. If you receive a pop up saying contact your parents/teacher, please take a 
screenshot (Press Volume Low button and power button together for 5 
seconds). You do not need to understand the text in pop up message. 
Step 2. Share the screenshot with your parents/teachers.  
3. App suddenly stopped 
Step 1. Try re-opening the app. 
Step 2. If it still does not open, please ask your parents or teacher for support. 
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  PRACTICE APP – ADULT HELP 
1. Network Issues 
If your student come to you if Internet is not working: 
Step 1. If phone is connected to WiFi, please verify all other phones/laptops 
connected to WiFi are running properly. If not, please contact your 
service provider.  
Step 2. If phone is connected to mobile data, please try following steps: 
a. Check if mobile data is not over. 
b. Please go to the top status bar and pull it down so that you can see 
the network connection. 
c. Tap on the network bar. If it says, “Turn on mobile data”. Tap Yes. 
i.     Now, try opening “google.com” in browser (Google 
Chrome).  
ii.  If it is successful, open Compass app again. 
iii.  If not, then try step 3. 
Step 3. If you are still facing network connectivity issues in app, please take a 
screenshot and text to 480-331-4102 with PIN number. 
If you are still facing network connectivity issues, please talk to your network 
provider. 
2. Error message saying contact your parents/teacher 
If student come to you with a screenshot saying to contact you, please do following: 
Step 1. Please take a screenshot (Press Volume Low button and power button 
together for 5 seconds), if your child has not taken it already.  
Step 2. Send that screenshot as a text with the pin number of the student to 480-
331-4102.  
3. App suddenly stopped 
If the student come to you that application does not open or he forgot how app 
works: 
Step 1. Please send a text to 480-331-4102 with PIN number and a detailed 
description of the issue. 
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APPENDIX C
INSTITUTIONAL RESEARCH BOARD (IRB)
93
C.1 IRB Approval
94
Page 1 of 2
APPROVAL: EXPEDITED REVIEW
Armando Pina
CLAS-NS: Psychology
480/727-7082
Armando.Pina@asu.edu
Dear Armando Pina:
On 4/12/2019 the ASU IRB reviewed the following protocol:
Type of Review: Initial Study 
Title: Compass for Courage mobile application
Investigator: Armando Pina
IRB ID: STUDY00009872
Category of review: (7)(b) Social science methods, (7)(a) Behavioral 
research
Funding: None
Grant Title: None
Grant ID: None
Documents Reviewed: • usability and Promis survey, Category: IRB 
Protocol;
• m-health compass SUPPORT Gilbert, Category: IRB 
Protocol;
• Application 4-7-19, Category: IRB Protocol;
• assent-recruitment script, Category: IRB Protocol;
• Caregiver Consent , Category: IRB Protocol;
The IRB approved the protocol from 4/12/2019 to 4/12/2024 inclusive. Three weeks 
before 4/12/2024 you are to submit a completed Continuing Review application and 
required attachments to request continuing approval or closure. 
If continuing review approval is not granted before the expiration date of 4/12/2024 
approval of this protocol expires on that date. When consent is appropriate, you must use 
final, watermarked versions available under the “Documents” tab in ERA-IRB.
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Page 2 of 2
In conducting this protocol you are required to follow the requirements listed in the 
INVESTIGATOR MANUAL (HRP-103).
Sincerely,
IRB Administrator
cc:
Vishakha Singal
Kevin Gary
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C.2 Short Consent Form for Parents
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RE: Home Practice with Android Smartphones 
 
   
Dear Parent,  
I am a graduate student under the direction of professors Dr. Gary and Pina at Arizona State University. In this 
consent form “you” refers to the caregiver or legal guardian, “child” refers to the student in the 
__________________school, and “we” refers to the ASU team. 
As you know, your child is participating on a school group led by ________________________ (school staff 
name). We have an opportunity to learn from the student about ways we can improve a practice app we have 
developed. The practice app corresponds to the content being taught in the group. We want to know with this 
research if the student is clicking on the app in ways that are different from what we anticipate. There is no 
known benefit to your child from this research with this practice app. There are no foreseeable risks or 
discomforts from this research with this practice app. 
By signing this form, you agree to have the child: 
1) download the app to a smartphone (his/hers/yours), 
2) use the app for 6-weeks to do the practice. 
To learn how we can improve the app: 
1) data will be sent electronically from the app to ASU. Data will not have any personal information about the 
child’s identity or location. Data will not have any personal information about your identity or location. 
Confidentiality and anonymity will be maintained, 
2) data only will show where the child clicked or tapped on the app, 
3) the school staff member running the group will give the child a brief survey. The survey is about how much 
the child liked the app. 
Participation is voluntary. The child can refuse to participate at any time. You can stop the child’s participation 
at any time. There will be no penalty for refusing to give consent or for stopping participation. We only are 
inviting 3rd to 6th grade students to participate. Results of this study will be used in my master’s thesis, but your 
name or the child’s name will not be used.  
If you have questions, please contact Dr. Pina at 480-727-7082. If you have questions about your (child’s) 
rights as a subject/participant in this research, or if you feel you have been placed at risk, contact the Chair of 
the Human Subjects Institutional Review Board, through the ASU Office of Research Integrity and Assurance, 
at (480) 965-6788. 
By signing below, you are agreeing to have the child participate. 
Your Name:   
Your Signature:     Date: 
The student’s name: 
Sincerely, 
Vishakha Singal (ASU Student) 
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APPENDIX D
SIMULATION RESOURCES AND RESULTS
99
D.1 Set of Users for Simulation 1
100
User Pin User Response L1 Response Rate L2 Response Rate
1001 10 - -
1002 10 15(Low) 25(Low)
1003 10 15(Low) 40(High)
1004 10 30(High) 40(High)
1005 10 30(High) 25(Low)
1006 20 - -
1007 20 25(Low) 35(Low)
1008 20 25(Low) 50(High)
1009 20 40(High) 50(High)
1010 20 40(High) 35(Low)
1011 40 - -
1012 40 45(Low) 55(Low)
1013 40 45(Low) 70(High)
1014 40 60(High) 70(High)
1015 40 60(High) 55(Low)
1016 55 - -
1017 55 60(Low) 70(Low)
1018 55 60(Low) 85(High)
1019 55 75(High) 85(High)
1020 55 75(High) 70(Low)
1021 70 - -
1022 70 75(Low) 85(Low)
1023 70 75(Low) 100(High)
1024 70 90(High) 100(High)
1025 70 90(High) 85(Low)
1026 80 - -
1027 80 85(Low) 95(Low)
1028 80 85(Low) 100(High)
1029 80 100(High) 100(High)
1030 80 100(High) 95(Low)
Table D.1: Example of users for simulation 1
D.2 Simulation Case Study 1 Results
101
Figure D.1: Adherence Level for Users with No Personalization (Simulation 1)
Figure D.2: Adherence Level for Users with Low L1 Response and Low L2 Response
(Simulation 1)
102
F
ig
u
re
D
.3
:
P
er
so
n
al
iz
at
io
n
L
ev
el
fo
r
U
se
rs
w
it
h
L
ow
L
1
R
es
p
on
se
an
d
L
ow
L
2
R
es
p
on
se
(S
im
u
la
ti
on
1)
103
Figure D.4: Adherence Level for Users with Low L1 Response and High L2
Response (Simulation 1)
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Figure D.6: Adherence Level for Users with High L1 Response and Low L2
Response (Simulation 1)
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Figure D.8: Adherence Level for Users with High L1 Response and High L2
Response (Simulation 1)
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D.3 Set of Users for Simulation 2
110
User Pin User Response L1 Response Rate L2 Response Rate
Day 1-7
1001 10,10,15,10,10,15,25 - -
1002 10,10,15,10,10,15,25 15(Low) 25(Low)
1003 10,10,15,10,10,15,25 15(Low) 40(High)
1004 10,10,15,10,10,15,25 30(High) 40(High)
1005 10,10,15,10,10,15,25 30(High) 25(Low)
1006 20,20,25,20,20,25,35 - -
1007 20,20,25,20,20,25,35 25(Low) 35(Low)
1008 20,20,25,20,20,25,35 25(Low) 50(High)
1009 20,20,25,20,20,25,35 40(High) 50(High)
1010 20,20,25,20,20,25,35 40(High) 35(Low)
1011 40,40,45,40,40,45,55 - -
1012 40,40,45,40,40,45,55 45(Low) 55(Low)
1013 40,40,45,40,40,45,55 45(Low) 70(High)
1014 40,40,45,40,40,45,55 60(High) 70(High)
1015 40,40,45,40,40,45,55 60(High) 55(Low)
1016 55,55,60,55,55,60,70 - -
1017 55,55,60,55,55,60,70 60(Low) 70(Low)
1018 55,55,60,55,55,60,70 60(Low) 85(High)
1019 55,55,60,55,55,60,70 75(High) 85(High)
1020 55,55,60,55,55,60,70 75(High) 70(Low)
1021 70,70,75,70,70,75,85 - -
1022 70,70,75,70,70,75,85 75(Low) 85(Low)
1023 70,70,75,70,70,75,85 75(Low) 100(High)
1024 70,70,75,70,70,75,85 90(High) 100(High)
1025 70,70,75,70,70,75,85 90(High) 85(Low)
1026 80,80,85,80,80,85,95 - -
1027 80,80,85,80,80,85,95 85(Low) 95(Low)
1028 80,80,85,80,80,85,95 85(Low) 100(High)
1029 80,80,85,80,80,85,95 100(High) 100(High)
1030 80,80,85,80,80,85,95 100(High) 95(Low)
Table D.2: Example of users for simulation 2
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D.4 Simulation Case Study 2 Results
112
Figure D.10: Adherence Level for Users with No Personalization (Simulation 2)
Figure D.11: Adherence Level for Users with Low L1 Response and Low L2
Response (Simulation 2)
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Figure D.13: Adherence Level for Users with Low L1 Response and High L2
Response (Simulation 2)
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Figure D.15: Adherence Level for Users with High L1 Response and Low L2
Response (Simulation 2)
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Figure D.17: Adherence Level for Users with High L1 Response and High L2
Response (Simulation 2)
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ABSTRACT
This paper presents the design of an mHealth application for 
prevention and early intervention of childhood anxiety. The 
application is based on REACH, a preventative-early intervention 
protocol for childhood anxiety. This paper describes the 
multidisciplinary design process, sharing lessons learned in 
developing an effective mHealth application. This mHealth 
application is unique due to participant age, preventive-early 
intervention focus, and utilization of mobile technology in a 
situated manner. A design process inspired by user-centered 
leveraging key informant interviews was used to identify 
application features, including game based strategies and an 
animated motivational avatar. Validation was performed through 
external review and a usability study performed with target end 
users of the application. Results suggest overall satisfaction, ease 
of use, and increased motivation. 
Categories and Subject Descriptors
D.2.2 [Software Engineering]: Design Tools and Techniques – 
Evolutionary prototyping, and user interfaces.   
General Terms 
Design, Human Factors, Verification
Keywords 
Youth Anxiety Prevention, mHealth, User-Centered Design. 
1. INTRODUCTION
Mobile health applications (mHealth apps) span a wide spectrum 
of health-related issues and treatment approaches, such as health 
monitoring (physiological or self-reported), protocol adherence 
through reminder communications, and (psycho)education [15]. 
Interestingly, the ubiquitous and familiar nature of smartphone 
devices creates the potential for mobile health (mHealth) 
applications targeted to youth “at risk” for anxiety disorders or 
meeting criteria for anxiety disorder diagnoses. In fact, mHealth 
for anxiety disorders may be of unique importance because most 
parents do not seek help for their anxious youth, effect sizes from 
anxiety programs are generally modest and need to be potentiated, 
and there is a pressing need for sustainable and streamlined 
intervention efforts that have “real world” utility [2][3][13]. In 
addition, targeting anxiety disorders is of public health 
significance because these are among the most prevalent 
psychiatric problems in children with rates ranging from 5% to 
10% and as high as 25% in adolescents. Anxiety disorders also 
cause significant impairment, typically fail to spontaneously 
remit, and are prospectively linked to clinical depression and 
problematic substance use for some youth [13]. 
Although the popularity of mHealth apps is exploding, few 
lessons have been shared regarding the user experience design for 
such innovations. Building on randomized control trial (RCTs) 
studies and theory, this research focuses on the design process for 
adapting aspects of an empirically informed child anxiety disorder 
intervention to a smartphone platform. Thus, this work is 
significant due to the domain (anxiety), the nature of the 
intervention (preventative-early intervention), the use of an app to 
increase protocol efficiency, and the integration of concepts from 
innovative design technology (gaming, notifications, user 
experience design) to improve outcomes. 
Focusing on the anxiety protocol, it is important to note that 
considerable strides have been made to develop evidence-based 
treatment and prevention armamentaria targeting youth anxiety 
with almost every protocol employing the same cognitive and 
behavioral procedures (Fisak et al., 2011; Silverman et al., 2008) . 
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REACH for Success (REACH hereafter) is a school-based 
cognitive-behavioral protocol designed for 4th and 5th graders for 
the indicated prevention and early intervention of childhood 
anxiety and related problems. REACH uses procedures found to 
be efficacious in RCTs, including in our own 3 RCT [8][9][12]; 
however, there are several features that set REACH apart. Most 
relevant to this paper is data suggesting that the classic design of 
evidence-based prevention programs (including programs like 
FRIENDS [1]) is simply not feasible or sustainable in schools 
(e.g., there are too many sessions, sessions are too long, manuals 
are too cumbersome and not organized for real world-
implementation, too much training is required, and preparation is 
too time consuming). In contrast, REACH was created from our 
evidence-based exposure-based cognitive-behavioral protocols as 
a practical intervention that can build a foundation for sustainable 
large-scale diffusion. That is, REACH was streamlined into 6 
sessions (instead of the typical 12-15), each 20-30 minutes in 
length (rather than the typical 60 to 90 minutes), and uses an easy-
to-follow manual (each session is condensed into one page front 
and back while FRIENDS, for example, has an 89 page manual). 
One concern with REACH, however, is that such a streamlined 
protocol may result in a lower dosage of the active change 
ingredients and fewer opportunities for youth to practice coping 
skills because there are fewer sessions and less practitioner 
feedback time. This concern is justified as a recent child anxiety 
treatment study evaluating an 8 session adaptation of the 16 to 20 
session Coping Cat program yielded lower youth response rates 
suggesting that difficulty practicing the skills was a major 
impediment to recovery [11]. 
A purpose of this research was to design an mHealth platform to 
accompany the REACH 6 session school-based preventative early 
intervention protocol. Specifically, the goal was to develop an 
mHealth app that: (a) provides on-demand opportunities for skill 
practice, (b) uses notifications relevant to skill practice to improve 
compliance, (c) offers tools for personalizing and tailoring the 
protocol, (d) increases opportunities for corrective feedback based 
on user data amenable to creating personalized reports of youth 
weekly practice and response, and (e) yields high user ratings 
along core validated usability dimensions relevant to technology 
innovation efforts. Herein, the REACH protocol, the app design 
process, and the app implementation are described. Results from 
an empirical study in a usability context are presented. To set 
domain context, the face-to-face protocol is described followed by 
a discussion on design, implementation, and usability. 
2. THE REACH PROTOCOL 
REACH for Personal and Academic Success is an indicated 
prevention and early intervention program targeting anxiety 
disorders and related problems in youth. The protocol is 
administered in a group format (five to seven children per group). 
Each session (S) in the manual is organized in terms of Overview, 
Content (didactic, games), Review/Closing, and After the Session 
(homework). Self-evaluation of emotion expressiveness is 
embedded in every session. The protocol focuses on broad-based 
exposure and problem solving skills, which have a wide reach for 
the range of anxiety disorders targeted. Unique session content is 
as follows. S1: Introduction (group name, rules, and 
confidentiality), Learn about emotions, and Relaxation. S2-3: 
Define worries, Learn cognitive self-control, and Practice 
cognitive self-control (Worryheads game). S4: Define social skills 
and Learn about conversation skills (starting and managing 
conversations). Practice conversations (make-believe game). S5: 
Learn about assertiveness and Practice assertiveness (stand-up! 
game). S6: Learn to face situations and Engage in behavioral 
exposures to mild-moderate anxiety-provoking situations. Core 
skill acquisition and practice tools include the use of Daily 
Diaries, Guided Relaxation, STOP acronym, and STIC acronym. 
Relevant to the REACH app, Daily Diaries are used to facilitate 
self-evaluation of emotion expressiveness. Youth self-monitor and 
describe in writing the anxiety or fear provoking situations that 
occurred during the week. Youth also rate using a 0-8 feelings 
thermometer the severity of anxiety/fear associated with the 
situation. Lastly, youth describe in writing thoughts that occurred 
before/during/after the situation (e.g., worries) and actions that 
resulted (e.g., avoidance behaviors). In terms of Guided 
Relaxation, youth are provided with pre-recorded standardized 
step-by-step procedures designed to improve self-regulation of 
anxiety related physiological hyperarousal via breathing exercises, 
muscle tension/release exercises, and imagery. When it comes to 
cognitive self-control, a four-step coping plan is introduced via 
the “STOP” acronym where S = Scared? T = Thoughts, O= Other 
[thoughts], P = Praise. STOP is first practiced via the Worryheads 
game by using pre-written emotionally ambiguous and anxiety 
provoking scenarios along with an accompanying “worry 
thought”. Youth are then asked to change the “worry thought” for 
a more realistic and alternative solution to the scenario provided. 
In the game, successful resolution of the worry thought results in 
advances toward a common goal for each player (reaching the end 
to win the game). Subsequently, with basic knowledge of STOP, 
youth engage in prospectively applying the technique to situations 
that emerge as anxiety or fear provoking for them during the 
course of each week. Lastly, behavioral exposures are introduced 
via STIC jobs (STIC = Show That I Can. STICs are provided in 
the form of a pre-written or prepopulated Fear Hierarchies based 
on modules from the Anxiety Disorders Interview Schedule for 
Children where each avoidance behavior has been pre-populated 
for the child as individual exposures. 
The REACH protocol has been implemented using a paper-and- 
pencil approach. The protocol, while effective, encountered some 
common limitations in practice, notably protocol compliance. 
Specifically, subjects did not practice skills between sessions or 
were not diligent in recording practice activity and outcomes. 
Further, as noted in section 1, lower dosage in the related Coping 
Cat tool resulted in lower response rates. Data capture with paper-
and-pencil methods is also time consuming and subject to human 
coding errors or oversights. The psychology researchers believed 
mobile and gaming technologies could effectively address the 
limitations, improve compliance and data capture, thereby 
reducing dosage while increasing effectiveness. They teamed with 
software engineering researchers to conduct a multidisciplinary 
design and development process to construct the app. 
3. DESIGN PROCESS 
The multidisciplinary team embarked on a highly iterative design 
process focused on the capabilities and context of end users. The 
researchers aspired to use a user-centered design (UCD) 
approach, but in practice the designers did not have direct access 
to end users during the design process and as such relied on 
subject matter experts (SMEs) as proxies. The SMEs were the 
psychologists who developed the REACH protocol and had 
deployed it 56 times to youth over 6 months. Section 5 describes 
external validation via design review by a school advisory board 
and a usability study with independent youth end users (n=22). 
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3.1 Gap Analysis 
REACH is a pre-existing protocol, so the first design activity was 
to review program materials and workflow, seeking opportunities 
to effectively translate existing steps, and later innovating on 
smartphone-specific solutions to achieve the domain objectives 
for increased dosage, engagement, and feedback (see Section 1). 
To better understand the domain of the app, the SMEs shared the 
provider manual of the REACH protocol to the designers and the 
materials for delivering the protocol (board games, handouts, 
MP3s). The manual describes how the sessions, each conducted 
consecutively over the course of six weeks, employ specific 
practice worksheets, information gathering forms, and interactive 
exercises designed to train youth in the preventive and coping 
skills. The main activities defined in the manual were Daily Diary, 
Relaxation, S.T.O.P, Worryheads board game, and STICs. Table 1 
summarizes the protocol component steps and highlights 
challenges in porting these steps to the mobile environment. 
Table 1: REACH protocol components and gap analysis 
REACH  Component Description / Design Challenges 
Daily Diary Self-monitoring  
engagement; daily compliance; rich data entry 
Relaxation Pre-recorded audio exercises  
media porting and translation 
S.T.I.C. Behavioral exposures with adult feedback 
preserving steps; rewards; feedback 
S.T.O.P. Self-application of cognitive self-control plan 
encouraging tool engagement through positive UX 
Worryheads Learn and practice cognitive self-control plan with 
provided scenarios  
detailed alternatives; increasing dosage; feedback 
A round of stakeholder interviews involving the SMEs followed 
the domain research of the REACH protocol. These included 
working sessions between the design team leads and the SMEs, 
visits by the SMEs to the design team’s lab, and synchronous 
question-answer sessions over email and videoconferencing. This 
step of the process addressed difficulties relating to understanding 
the protocol and assumptions on both sides regarding 
implementation objectives. This step took longer than expected, 
with a result of inconsistent understanding of implementation 
outcomes. The design team conducted an internal review to 
identify root causes and come up with design process alternatives. 
The causes identified included: 
1. New terminology. 
2. Gaps in understanding by the design team with respect to the 
protocol. 
3. Assumptions of the designers based on past implementations 
of mHealth apps in non-preventative domains. 
4. Ad hoc communications patterns between SMEs and the 
design team, and within the design team itself. 
5. A lack of understanding of the end user context. 
Together, these issues are not uncommon in design processes, and 
some were addressed (1, 3, 4) through simple awareness of the 
issue in the team review. For example, improving ad hoc 
communication patterns was improved through more frequent 
design team meetings, clarifying the lines of communication with 
SMEs, and reiterating design team understanding of requirements 
back to the SMEs for validation. 
Issues #2 and #5 were more significant. Issue #2 represents a 
“blind spot” in design, due to factors such as missing information 
implicitly understood by the SMEs but not apparent to the design 
team. Issue #5 was a recognition that the design team did not 
understand who would be using the app and in what context. At 
this point the design team realized a more patient-centric approach 
was required to overcome these design obstacles. 
3.2 A Patient-centric Design Process 
The design process described in the previous section focused on 
translating a field manual; it is not surprising that the translation 
had gaps derived from implicit knowledge assumed by the manual 
authors and not understood by the designers. The software 
engineering researchers suggested a more user-centric approach, 
where the needs of the end user, in this case the patients, is the 
focus of the design process. The gold standard for such a design 
process is User-Centered Design (UCD), originally credited to 
Norman and Draper [7]. UCD assumes a participatory design 
process with end users, but for this research we prefer the more 
inclusive definition of UCD as “the active involvement of users 
for a clear understanding of user and task requirements, iterative 
design and evaluation, and a multi-disciplinary approach.” [14]. 
ISO 9241-210 [4] identifies 6 principles to UCD (quote): 
1. The design is based upon an explicit understanding of users, 
tasks and environments. 
2. Users are involved throughout design and development. 
3. The design is driven and refined by user-centered evaluation. 
4. The process is iterative. 
5. The design addresses the whole user experience. 
6. The design team includes multidisciplinary skills and 
perspectives. 
These principles were especially attractive to the design team due 
to the uniqueness of the domain and protocol, and identified 
issues understanding the end user context. The team realized the 
app would not be a direct translation of the paper-based REACH 
protocol, and needed to focus on context and end user experience. 
There is a wide range of practices supporting UCD; the design 
team utilized personas, prototyping with iterative feedback, 
participatory design, and end user validation. The SMEs served 
as participatory designers, eliminating the back-and-forth ad hoc 
aspects of the initial process. They also served as proxies for the 
end users during design as gaining access to youth (4th-5th grade 
users for an extended time for intense design activities was not 
possible). Access to end users would have certainly been 
preferable during the design process but was not possible at the 
time. However end user validation was emphasized before 
approving the app for protocol trial; these results are reported in 
section 5. Fortunately, prior domain research and SME interviews 
from the gap analysis proved useful in the context of the UCD. 
3.2.1  Personas  
The design team started the UCD process by developing personas, 
or proxies for categories of end users, and inviting the SMEs to 
review them. The SMEs were not familiar with personas, and after 
overcoming initial confusion about the technique, gained 
enthusiasm and effectively provided useful feedback. The 
personas shared with the SMEs are presented in Table 2. 
Iterating over these personas led to several design insights that 
were previously not understood by the design team. For example, 
the design team came to understand subjects in this domain have a 
higher need for re-assurance; respond well to attention and 
approval, and are highly compliant (persona 2). Discussion of the 
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personas with the SMEs further revealed that in community 
samples girls are more likely identified as “anxious” than boys, 
and anxious youth fear the evaluative nature of social situations 
(personas 3 and 4). After capturing a clearer idea about end user 
context through discussing the personas created with the SME, the 
design team started a phase of rapid prototyping to ensure the 
SMEs provided frequent feedback on each design decision. 
Table 2: REACH protocol components and gap analysis 
Persona 1 
 
Jacob is 10 years old, and is currently being raised by 
his single mother. He was held back for behavior 
problems as he tends to lash out when stressed. When 
confronted with even minor change he shuts down, 
and becomes irritable. His goal is to do as little as 
possible, or just enough so he doesn't get in trouble. 
Persona 2 
 
Jessie is 9 years old and very shy. In larger groups of 
10 or more people she panics, and is dangerously on 
edge. She has a strong recognition of her symptoms, 
and works very hard at overcoming them. Her goal is 
to be free from required effort as soon as possible. 
Persona 3 Mike is 12 years old. He finds it difficult interact in 
groups. He thinks that everyone has prying eyes on 
him and judging his every move. He loves to read 
books and is distracted by day dreaming. He gets very 
anxious and nervous in social situations. 
Persona 4 Elizabeth is 10 years old. She is relatively overweight 
and is embarrassed in evaluative situations. When her 
classmates tease her, she cries and withdraws from 
interacting with peers. This typically happens during 
physical education and school games. 
3.2.2 Rapid Prototyping 
Rapid prototyping is an iterative design technique refining the 
details of interaction models and overall user experience. Early 
prototypes, or storyboards, focus on task sequences, or the 
mapping of task workflows to interface screens. This leads to user 
interaction modeling; the identification of user input actions 
effecting transitions between screens or for the capture of critical 
information. Later iterations refine these models and also layer in 
thematic elements, until a final design is converged upon. 
Iterations are meant to be short, frequent, and focused on 
answering specific questions regarding the user experience. 
3.2.2.1 Storyboarding and Clickthrough Prototypes 
The design team used the freely available Pencil prototyping tool 
to construct screen and clickthrough mockups. Clickthroughs take 
simple screen mockups and overlay “hot regions” that advance the 
mock to a new screen, simulating a user interaction. One 
drawback is the tool runs its simulations in a web browser so tap 
and swipe gestures are not supported; however, the tool does 
support mobile UI “skins” to promote a look-and-feel consistent 
with the mobile user experience. Figure 2 shows an example of an 
early mockup created for S.T.O.P. activity.  
The team created mockups of different scenarios in the app. Each 
mockup was peer-reviewed within the design team, validated 
against the documented protocol, and then presented to the SMEs 
for feedback. The design was iteratively refined until the scenario 
interactions were adequately captured, and the design team felt 
comfortable moving to implementation on the Android platform. 
 
 
Figure 1: S.T.O.P. Mockup in Pencil 
3.2.2.2 Translating Protocol Components 
As identified in the gap analysis (section 3.1), some protocol 
components are a fairly straightforward translation, or port, to the 
mobile app, while others are not. For example, the Relaxation 
audio components were a straightforward port of the media to the 
device wrapped with a simple consistent interaction metaphor. Of 
course this component also requires the least user interaction of 
any of the components. On the contrary, the Worryheads game is 
a multiplayer board game involving cards. The app required 
limiting the game experience to a single user compared to the 
multiplayer board game. The design team replaced the physical 
cards in the board game with preset “Situations” and “Thoughts” 
screens. The user was then presented with a choice of four of 
“Other Thoughts” options to choose from. Once the user selects a 
choice from possible options a praise message was showed on the 
screen to appreciate the correct answer. Screens depicting 
Worryheads are shown in section 4. 
A design concern in translating the protocol was the significant 
amount of text a child is asked to input during activities such as 
the Daily Diary and S.T.O.P. The mobile device is not suited for 
textual input that goes beyond instant messaging or social media 
apps, and further the end users are at an age where they are often 
mobile-aware, but not proficient mobile typists. The fear was that 
textual input would be skipped or significantly limited, or in the 
worst-case cause frustration of the app to the extent children 
would abandon it. The design team identified speech capture input 
as a means to facilitate better information capture. 
3.2.3 Injecting Innovations in the Mobile Experience 
A challenge in applying mHealth concepts to existing clinical 
protocols is the desire to innovate versus leveraging validated 
protocol steps. For this project, the mobile platform provided the 
means for increasing dosage by virtue of the device being ever-
present. However, ubiquity is not enough, end users must be 
motivated to practice the protocol. Engagement was addressed 
through innovative features introduced in the mobile platform 
including thematic and age-appropriate media, game strategies 
(e.g. progressive reward incentives), and mobile notifications. 
3.2.3.1 Designing an Appropriate Theme 
A user interface theme refers to the consistent application of 
stylistic elements such as images, fonts, audio or video media, and 
user interface widgets (buttons, menus, taps, etc.). To gain 
acceptance of the app amongst users familiar with the paper 
protocol, the design team used the same theme used in the paper 
protocol. The team ensured that color codes and the fonts used in 
paper based protocol and the fonts used in the app are same. To 
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design the features of the app, the team studied the paper-based 
versions of the activities to be performed by youth to get a better 
idea of how to replicate the activities in the application. The team 
followed the same nomenclature of the existing activities in the 
screen designs reduce confusion and gain rapid acceptance. 
The user experience required a gender-neutral, age-appropriate 
proxy for the human guide who assists in the existing REACH 
protocol. This proxy personifies the guide, providing instruction 
and feedback to the end user through the mobile interface. Initial 
ideas focused on themes such as “feed your pet” or “grow your 
plant” but were rejected as being either too “babyish” for the 
target age range or gender-biased.  
The design team came up with the idea of an animated 
motivational character in the form of a blob. The design team 
referred to the character as “Bob the Blob” (Figure 3), but the 
male name is never used in the app itself. Based on game design 
concepts, “Bob” presents an age-appropriate, gender-neutral 
proxy for protocol guidance and feedback [6][8]. 
3.2.3.2 Progressive Reward Incentives 
While one of the goals of the REACH protocol is to empower 
youth to be intrinsically motivated to enact the protocol, at the 
training stage it is imperative to repeat the dosage faithfully in 
order to attain this intrinsic motivation. A common gamification 
technique is to employ leveled rewards as an extrinsic motivator 
for performing a targeted behavior. Therefore a simple 
progressive (leveled) set of rewards for extrinsic motivation 
included in the app design. When an end user completes a task 
from the REACH protocol they get a reward in the form of Bob’s 
abilities/tricks. This way the user is motivated to follow the 
protocol and completing the tasks (dosage) so s/he can unlock 
more complicated tricks for Bob.  
One concern SMEs raised during the design process was the 
potential to inadvertently punish the child for not performing a 
task. Given the domain, a design invariant was specified to keep 
all interactions with the child positive; therefore, all language and 
emotive expressions of Bob throughout the app were scrubbed to 
ensure there were no negative connotations. For progressive 
rewards, a setting in the app was designed to unlock new tricks 
twice every week. The presence of these tricks also served as 
extrinsic motivation for engagement.  
3.2.3.3 Smartphone Notifications 
Mobile platforms offer an “always on” communications channel 
between service providers and end users. Most categories of 
mHealth apps emphasize the communications channel between 
clinicians and patients, or between patients and automated big 
data platforms on the cloud. This project is unique in that it does 
not leverage the mobile device as a communications channel. In 
this generation of the app, the focus is on leveraging the device as 
an information collector and dosage vehicle for the protocol. In 
this sense the device serves more as a Personal Digital Assistant 
(PDA) than as a connected mobile phone. 
In this modality it is still important to present to the end user a 
feeling of connectedness. The personification of Bob the Blob as a 
proxy guide is one way the design provides this connectedness. 
As a second design concept, the design team wanted to make use 
of mobile notifications, but without relying on cloud-based push 
notifications as these would require a persistent network 
connection. Therefore the design supports local notifications 
presented to the end user in both fixed and adaptive schedules.  
Fixed schedules are daily time-based notifications, such as for the 
Daily Diary, to complete a regular interval task. Adaptive 
notifications require tracking end user interactions with the app 
and dynamically determining whether to issue a notification to 
engage with Bob the Blob again. The designers are concerned 
with the notion of alarm fatigue through over-notification, though 
currently the mobile device is given to the end users as a locked 
down tool for practicing the protocol, and not as a general-
purpose smartphone for personal use. 
3.2.3.4 Security and Privacy 
Any mHealth app needs to be concerned with how user data is 
stored, transmitted, and identified. These concerns can become 
overbearing nonfunctional requirements on the app and down to 
the underlying mobile operating system providing the 
communication and storage services. At this stage of the app’s 
development, it made more sense to de-identify data and work in a 
locked-down, disconnected mode. There were several simplifying 
assumptions the design team was able to make: 
1. The emphasis on increased dosage over remote monitoring of 
compliance or personal health measurements puts this project 
in a different class of mHealth apps. Such apps push data to 
remote providers (often via a cloud-based service) and 
support human or automated communication reminders. 
2. The relatively small number of participants in planned early 
studies meant the devices, with a specific chosen version of 
the mobile operating system, could be purchased and 
distributed to end users. The design team selected a Motorola 
phone running Android API version 19 (KitKat). 
3. The relatively small number of participants makes it easier to 
de-identify the data and manage it external to the app. A 
secret user interaction combined with a password protects 
access to functionality that supports exporting user 
interaction and task completion data (see above). 
Of course these assumptions will have to change in future 
generations of the platform to facilitate broader adoption. But as a 
dosage augmentation platform, the design team leveraged the 
weekly visits with the psychologists combined with the 
computational sophistication of modern smartphone platforms to 
provide a self-contained solution. 
4. APP IMPLEMENTATION 
The Android platform was selected to support the app. The 
openness of the Android platform, the availability of low-cost 
devices, the ease of the Google Speech API, and the ability to 
deploy the app without the involvement of an app store were the 
deciding factors for the first generation of the app. This section 
briefly describes the implementation on the Android platform. 
The final user interaction model combined with scheduled 
interactions per protocol rules is shown in Figure 2. 
This timeline in Figure 2 is based on weeks one to six of the 
REACH training program. Daily Diary, as the name suggests 
needs to be made available daily for all the six weeks whereas the 
Worryheads needs to be made available only in third, fourth and 
fifth week of the training program. 
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Figure 2: REACH App intervention Timeline 
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Figure 3: REACH App Interaction Screens 
When the user selects the app from the Android home screen, a 
landing page is shown allowing the user to select from 5 available 
activities (see Figure 3, upper left). At any time only activities that 
are available can be selected from the landing page. Further, 
activities that are overdue are highlighted by a soft gold pulsing 
glow around the button (not shown) to provide a further visual cue 
to the end user to perform an activity. 
The S.T.I.C activity is shown in the upper right in Figure 3. In this 
activity end users are encouraged to do a task they would 
normally avoid due to their anxiety. In the paper protocol, once a 
child completes the activity s/he receives a physical stamp from 
an adult (usually a teacher or parent). In the app this was 
implemented as a secret code entered by the adult, who could then 
provide an electronic stamp of approval. 
The S.T.O.P. activity (Figure 3, mid-left) asks the child to provide 
responses to a set of questions (see section 2). Each response is 
stored in a SQLite database on the device. Figure 3, mid-right 
shows the “O” (Other Thoughts) step of the Worryheads game. 
This is basically a variant of the S.T.O.P. activity with pre-
selected “S” and “T”s. The child has to consider the given “S” and 
“T” and select an appropriate “O” and “P” to complete the 
simulation. At the conclusion of these activities Bob the Blob 
praises the child (Figure 3, bottom right). 
The Daily Diary (Figure 3, bottom left) is a scheduled activity 
available to the child each day. The activity is available during 
school hours but notifications are only given after school hours. 
As described in section 2, the Daily Diary asks the child to reflect 
on potentially anxiety-provoking events from her/his day, and 
inquires about thoughts that came to mind in that situation. Youth 
also rate how s/he handled and felt about the situation. This 
embedded diary is part of the organizational framework of 
REACH emphasizing the need to identify and confront anxiety-
provoking situations that are threatening but manageable.  
In addition to the 5 protocol activities available from the landing 
page, the end user also can tap directly on Bob the Blob and be 
taken to a table-oriented layout of “tricks” Bob can perform. The 
tricks (animations) available at any time are based on the protocol 
schedule as described in section 3.2.3.2. 
Additional features were provided by the app to support research 
outcomes (section 2). An on-device database stores all end user 
responses, and tracks each user action. The latter will be used 
after trials to answer research questions such as whether alarm 
fatigue occurred, or end users were not sufficiently motivated to 
engage with the app. A data export feature provided only to 
interventionists allows data to be offloaded as csv files. 
Finally, in the face-to-face protocol trial, interventionists can 
personalize dosage schedules or tailor training activities during 
weekly visits. To support this in the app, a hidden feature was 
embedded only for the interventionist role. A specific multi-tap 
sequence combined with a secret PIN unlocks this feature so 
interventionists can decide if a protocol component should be 
enabled/disabled or otherwise modify the planned dosage for that 
week. Additional settings include selecting the start date of the 
protocol, notification time windows and frequency, the schedule 
trick release, changing the teacher PIN, and exporting data. 
5. VALIDATION 
The highly iterative participatory design process described in 
section 3 enabled continuous feedback during app evolution. After 
completing the initial candidate release version, the design team 
and psychologists conducted two types of external validation. The 
first was two feedback sessions with external SMEs from a school 
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advisory board (SAB). The second was a usability study 
conducted with actual youth end users in the schools. 
5.1 Advisory Board Feedback 
The SAB consisted of two school psychologists with experience 
delivering REACH, and two school district administrators who 
oversee student services and prevention efforts for 47 K-8 
schools. Based on their experience with youth, the SAB 
considered the developmental appropriateness of the design and 
program tools included (e.g., during the face to face sessions, 
youth wanted to utilize Relaxation and play Worryheads on-
demand, so those activities were selected for inclusion in the app).  
From the SAB feedback, three issues emerged:  
1. Safety and security - would youth have access to texting and 
Internet on the devices?  
2. Cost: would parents be responsible for the devices, if lost? 
3. Flexibility - would versions of the app be available for the 
iPhone, smartboards, and tablets? 
The first issue was addressed by adding security software 
SureLock to every device. The second was addressed by applying 
procedures used by the school relevant to laptop computers where 
parents are financially responsible. For flexibility, it was 
determined that preliminary data is necessary prior to investing in 
additional versions of the technology for different devices. 
5.2 Usability Study 
5.2.1 Participants 
With parental consent (and assent from child), 22 youth (Mean 
age = 9.67 years, 12 girls, 12 Hispanic/Latino, 5 White, 1 Black, 1 
Asian, 3 “other”) from public schools participated in the ‘system 
usefulness, satisfaction, and ease’ aspect of this research. The 
median household income was about $39,000 and most youth 
were recruited from the same zip code and class grades. In 
addition, 77% reported knowing how to use an Android 
smartphone and 54.5% reported playing games using a 
smartphone “all the time”. 
5.2.2 Measures 
System usefulness, satisfaction, and ease were assessed via 22-
items from the Usefulness, Satisfaction, and Ease of Use 
Questionnaire [4] modified for children and adolescents. Youth 
responded to each item using a 10-point rating scale (1= “not at 
all” to 10 = “very much”). System ease of use (SYSUSE) was 
measured via 11 items (e.g., it is easy to use; it is simple to use), 
quality of support information (INFOQUAL) was measured via 3 
items (e.g., instructions and messages are easy to understand; 
messages to fix problems are clear), system ease of learning 
(SYSEASE) was measured via 4 items (e.g., I easily remember 
how to use it; I quickly became good at it), and system 
satisfaction (SYSSATIS) was measured via 4 items (e.g., I am 
happy with this app; I would tell a friend about this app). 
Consistent with the original measure, alpha reliabilities were 
excellent: system ease of use (α = 0.92), quality of support 
information (α = 0.83), system ease of learning (α = 0.92), system 
satisfaction (α = 0.88), and stigma (α = 0.81) scale scores, and 
overall usability score (α = 0.95). 
5.2.3 Procedures 
Parents (primary caregivers, legal guardians) received a letter 
from the research team describing the nature of the study and the 
timeframe for participation (within the next 7 to 10 days). From 
those contacted, 26% provided child consent and every child 
provided assent (n=22). Youth with consent/assent provided data 
at a university laboratory or at their school. At the beginning of 
the study, each youth was provided with an envelope that 
contained a device and a questionnaire. After receiving the study 
materials, three phases (1-Listen to the Relaxation; play 
Worryheads game; 2-Write a daily-dairy or S.T.O.P. entry; 3-Play 
with the Blob) were implemented by trained research assistants. 
For a phase, each prescribed interactions with the app was 2-
minutes and responding to the survey lasted about 5 minutes. At 
the end, youth were thanked for their participation in the study, 
which lasted a total of 20 to 30 minutes. Parents of participant 
youth were provided with $15.00 at the end of the study. 
5.2.4 Results 
Descriptive statistics and correlations for the focal variables are 
given in Table 3. There were no missing data and some variables 
exceeded conventional cutoffs of |2| for skewness and |7| for 
kurtosis [16]: System Ease of Use (-3.04 skewness, 10.39 
kurtosis), System Ease of Learning (-2.15 skewness; 3.9 kurtosis), 
and System Satisfaction (-2.23 skewness; 4.53 kurtosis). 
Moreover, statistically significant Shapiro-Wilks test values were 
found for these indicators and thus subsequent tests were 
conducted via non-parametric approaches. Specifically, 
Wilcoxon-Mann-Whitney tests were conducted to estimate any 
sex (boys vs. girls) or ethnicity/race (Hispanic/Latino vs. Non-
Hispanic/Latino) variations in terms of: system ease of use, 
quality of support information, system ease of learning, and 
system satisfaction. No statistically significant mean differences 
were found suggesting robustness across sex and ethnicity/race.  
Given these findings, mean estimates for the total sample were 
calculated and results showed that the REACH app system was 
highly and positively rated, for the most part, along the four 
dimensions of interest: system ease of use, quality of support 
information, system ease of learning, and system satisfaction with 
means ranging from 8.72 to 9.13. Also, as shown in Table 3, 
statistically significant correlations were found among the four 
dimensions with correlation coefficients ranging from .47 to .80 
(p < .05). Lastly, transforming SUSE-Y overall total scores into a 
traditional “grade” scale, analyses showed that the REACH app 
system earned an “A” grade from 55% of youth, “A-” from 14%, 
“B+” from 9%, “B” from 9%, and failing grades of “C-” or less 
from 13% (or 3 youth). Focusing those youth who rated the 
system with a “C-” grade or less, data showed that all three youth 
reported no knowledge of Android operating system. One of the 
three youth did not know how to connect the earbuds to the 
phone, had trouble placing earbuds in his ears, asked what he is 
supposed to press during the Worryheads, asked what the word 
“respond” means, and did not know what to press during the 
STOP task. Another seemed “lost” during Worryheads and the 
third youth was distracted by SureLock pop-ups during testing. 
Table 3. Usability Study Results 
 Mean sd Median 1 2 3 4 
Overall Usability 35.69 19.84 38.23     
1. SYSUSE 8.94 1.48 9.24 -- .61** .92** .47* 
2. INFOQUAL 9.13 1.28 9.67  -- .80** .53* 
3. SYSEASE 8.72 2.03 9.41   -- .48* 
4. SYSSATIS 8.90 1.70 9.75    -- 
Note: Ranges from 0 to 40 for Overall Usability, 0 to 10 for other 
variables; SYSUSE = system ease of use; INFOQUAL = quality of 
support information; SYSEASE = system ease of learning; SYSSATIS = 
system satisfaction; *p< .05; **p< .01 
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6. DISCUSSION 
Our multidisciplinary, collaborative efforts resulted in a 
smartphone app to potentiate the prevention and early intervention 
of childhood anxiety disorders and related problems. To our 
knowledge this is the first research-based child anxiety prevention 
and early intervention app with known usability ratings. The 
FRIENDS for Life Program released an app for Android, but there 
is no research relevant to the technology developed. In child 
anxiety treatment, SmartCAT is a promising mhealth platform for 
ecological momentary intervention, used as an adjunct to the 
Coping Cat treatment program [11]. The REACH prevention app 
appears to be more similar than different to SmartCAT whereas 
the FRIENDS app is mostly psychoeducational. Focusing on 
prevention, for example, REACH and FRIENDS provide on-
demand opportunities for skill practice but REACH explicitly 
focuses on reducing problematic anxiety at the indicated and early 
intervention level as it includes focused and direct features 
relevant to engaging youths in self-monitoring, in-vivo exposures, 
and cognitive self-control. In addition, REACH is capable of 
deploying notifications relevant to skill practice, offers tools for 
personalizing and tailoring the protocol (e.g., increase 
notifications, activate new tools based on performance, activate 
tools parallel to the weekly focal module), and allows for 
opportunities for corrective feedback based on user data amenable 
to creating personalized reports of youth weekly practice and 
response. When it comes to contrasting the SmartCAT treatment 
app with the REACH prevention app, both yielded high “ease of 
use” ratings. Moreover, as found in this research, the REACH 
prevention app yielded overall high ratings along additional 
dimensions not examined for FRIENDS or SmartCAT. That is, 
REACH showed high ratings for quality of support information, 
system ease of learning, and system satisfaction. Also, this 
research found no significant differences between boys and girls 
or between Hispanic/Latino and non-Hispanic/Latino youth on 
any of the usability dimensions examined.  
The REACH app appears promising and has the potential to study 
questions not only relevant to potentiating program response and 
refining aspects of the technology, but about large scale diffusion, 
personalized care, and bridging the gap in health disparities when 
it comes to affective problems and its related disease outcomes. 
The version of the app described in this paper was designed and 
created through a multidisciplinary process that is user-centered in 
the broad interpretation of the process. Our subsequent plans for 
the REACH app include incorporating patients, caregivers, and 
interventionists directly into the design process, and broadening 
its applicability to minority populations, populations with sleep 
disorders, and studying the potential for positive remedies for 
negative outcomes of anxiety, notably drug abuse. 
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Usability of a Smartphone Application to Support the Prevention and Early
Intervention of Anxiety in Youth
Ryan D. Stoll, Armando A. Pina, Kevin Gary, Ashish Amresh, Arizona State University
Mental, emotional, and behavioral disorders are common in youth with anxiety problems being among the most prevalent, typically
failing to spontaneously remit, and placing some youth at risk for additional difficulties. Mobile health (mHealth) might be a novel
avenue to strengthen prevention efforts for child anxiety, since program effects are generally small. However, although a significant
number of mHealth tools have been developed, few have been evaluated in terms of usability (or even clinical effectiveness). Usability
testing is the first level of evaluation in responsible mHealth efforts as it is one of the main barriers to usage and adoption. As such, the
objective of this research was to evaluate the usability of a smartphone application (app) corresponding to an indicated prevention and
early intervention targeting youth anxiety. To accomplish this, 132 children (Mage = 9.65, 63% girls) and 45 service providers
(Mage = 29.13, 87% female) rated our app along five established dimensions of usability (ease of use, ease of learning, quality of
support information, satisfaction, and stigma). Findings showed that the app was highly and positively rated by youth and providers,
with some variations (lower ratings when errors occurred). Path analyses also showed that system understanding was significantly
related to greater system satisfaction, but that such relation occurred through the quality of support information offered by the app.
Together, this has research and clinical implications as it highlights avenues for advancing youth care via mHealth usability
evaluation, including prior to establishing effectiveness.
A NXIETY disorders are among the most commonpsychiatric problems in children with prevalence
rates ranging from 5 to 10% and as high as 25% in
adolescents (Angold, Costello, & Erkanli, 1999; Kessler
et al., 2005). Moreover, anxiety disorders cause significant
impairment, fail to spontaneously remit, and are prospec-
tively linked to clinical depression and problematic
substance use for some youth (Aschenbrand, Kendall,
Webb, Safford, & Flannery-Schroeder, 2003; Beidel et al.,
2007; Cummings, Caporino, & Kendall, 2014). As a result,
considerable strides have been made to develop strategies
for the prevention of anxiety disorders (Anticich, Barrett,
Silverman, Lacherez, & Gillies, 2013; Lowry-Webster,
Barrett, & Dadds, 2001; Pina, Zerr, Villalta, & Gonzales,
2012). Despite progress, effect sizes for anxiety preven-
tion are relatively small to moderate, often attenuat-
ing over time (Fisak, Richard, & Mann, 2011; Teubert &
Pinquart, 2011).
We believe, however, that prevention effects could
be dramatically improved by increasing the dosage of
intervention skills targeting components theorized to
disrupt pathways associated with child anxiety disorder
development (e.g., reducing avoidant coping; Essau,
Conradt, Sasagawa, & Ollendick, 2012; reducing negative
self-talk: Kendall & Treadwell, 2007; Treadwell & Kendall,
1996). This possibility is supported by past research
showing that program homework, or out-of-session skills
practice, is a significant predictor of program response
in child-focused intervention for anxiety and depression
(Cummings, Kazantzis, & Kendall, 2014; Hudson &
Kendall, 2002; Stice, Shaw, Bohon, Marti, & Rohde,
2009). In fact, increasing dosage of intervention home-
work could be achieved via mobile health (mHealth) tools
because these can offer (a) on-demand access to review
strategies, (b) notifications designed to promote practice,
(c) gamification to increase engagement and appropriate
use of strategies for managing anticipated anxiety-
provoking situations, (d) personalized and tailored inter-
vention schedules, and (e) data-driven corrective feed-
back. Despite these advantages, the large majority of
mHealth tools (for anxiety or otherwise) have not been
studied (Curioso & Mechael, 2010; Nilsen et al., 2012).
Further, research evaluating the usability of these tech-
nologies is severely lacking. For example, in a review of
the available smartphone applications (apps) for youth
anxiety on Google Play and Apple App Store, we iden-
tified 55 apps, including the Mayo Clinic Anxiety Coach
app (Whiteside, 2016), but no corresponding usability
research was found in the literature.
Keywords: anxiety; child; usability; smartphone; prevention
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With regard to apps not publicly available (i.e.,
downloadable by any potential user), our search of the
literature showed only three studies reporting on usability
for apps targeting child behavior problems (Dixon,
Dehlinger, & Dixon, 2013; O’Malley, Dowdall, Burls,
Perry, & Curran, 2014; Tang, Jheng, Chien, Lin, & Chen,
2013), with one focused on clinically anxious youth
(Pramana, Parmanto, Kendall, & Silk, 2014). Usability
testing has been identified as an essential process in
mHealth tool development to ensure maximum usage
and engagement in the target population and implement-
ing necessary design iterations prior to clinical effec-
tiveness testing (Brown, Yen, Rojas, & Schnall, 2013;
Matthews, Doherty, Coyle, & Sharry, 2008). Thus, the
objective of this research was to evaluate the usability of
a smartphone app corresponding to an indicated pre-
vention and early intervention program targeting youth
anxiety.
The REACH mHealth Application
REACH for Success (hereafter referred to as REACH)
is an indicated prevention and early intervention program
targeting anxiety in youth. REACH is an exposure-based
cognitive-behavioral protocol delivered in six sessions,
each 20–30 minutes in length, and administered in a
group format. REACH uses the core exposure-based
cognitive and behavioral procedures common to the
protocols typically evaluated via randomized controlled
trials (RCTs; e.g., Barrett & Turner, 2001; Kendall, 1994;
Pina et al., 2012). This first generation of the REACH
app was designed to provide support for out-of-session
practice of intervention skills rather than act as a stand-
alone platform, as some have suggested that implemen-
tation of child anxiety interventions probably requires
interventionist involvement (e.g., relevant to training in
cognitive restructuring; Pramana et al., 2014). Our efforts
in developing the REACH app were guided by a user and
subject matter expert-centered design (Galer, Harker,
& Ziegler, 1992) that utilized personas, iterative proto-
typing, and expert feedback from an advisory board
comprising practicing social workers, school psycholo-
gists, and counselors (see Patwardhan et al., 2015, for
more details). At this phase of development, the REACH
app was self-contained; it did not rely on communication
services (e.g., cellular or Internet connection). Instead,
the focus was on leveraging the device as a vehicle for
supporting intervention homework (i.e., skills practice)
and data collection. In terms of technology features, we
included speech capture, thematic and age-appropriate
media, gaming (e.g., progressive reward incentives),
notifications presented to the target user in fixed (daily
time-based) and adaptive schedules (based on user
interactions), password-based authentication for adults
(e.g., interventionists, parent, teacher), on-device database
to store user responses and actions (e.g., to estimate
alarm fatigue,motivation, clinical content such as subjective
units of distress associated with an anxiety-provoking
situation), and a data export feature (csv files).
Interaction Design and Information Modeling
Turning to user interaction design and content, and
as shown in Figure 1, when a user selects the REACH app
from the home screen, the landing page shows five
activities (Relaxation, Daily Diary, S.T.O.P, Show That I
Can [S.T.I.C], and Worryheads). In the design, Relaxation
is delivered via audio (e.g., breathing, muscle relaxation;
see Figure 1a) while Daily Diary and S.T.O.P (Silverman &
Kurtines, 1996; Silverman & Pina, 2008) are fillable forms
that use speech capture, keyboard, or both with each
response stored in a SQLite database on the device (see
Figure 1b and c). S.T.I.C (Kendall & Barmish, 2007)
scenarios present a list of events or situations that are
typically anxiety provoking to youth (e.g., read aloud in
front of the class, ask the teacher a question or for
help) based on the Anxiety Disorders Interview Schedule
for Children (Silverman & Albano, 1996; see Figure 1d)
with a password-based unlock feature for adults who
provide electronic “stamps of approval” when S.T.I.C.s
are successfully completed by users. Worryheads is an
activity with preselected ambiguous situations and
possible negative thoughts (“S” and “T,” respectively)
based on the Children’s Negative Cognitive Errors
Questionnaire (Leitenberg, Yost, & Carroll-Wilson,
1986) in response to which the user is asked to select an
appropriate alternative thought from a prepopulated
menu (see Figure 1e).
A gender-neutral and animated avatar character in
the form of a blob guides the five activities, delivers
notifications, and praises the user (see Figure 1f). In
addition, the user can tap directly on the blob and
be taken to a table-oriented layout of progressive and
leveled “tricks” the blob can perform (see Figure 1g),
only when the user completes homework (e.g., listens
to Relaxation). The design of the blob incorporated
proven mHealth intervention methodology known as
the proteus effect, which posits that animated representa-
tions that reward the user for positive behavior provide
increased motivation to perform activities that promote
the desired behavior change (Yee & Bailenson, 2007).
Overdue activities are highlighted by a soft gold pulsing
glow on the landing page to provide a visual cue for
the user (see Figure 1h). Further, and as shown in
Figure 2, the app includes a specific multitap sequence
combined with a password that unlocks configuration
settings controlling the export of data, establishing a
start date (see Figure 2a), enabling/disabling activities
(see Figure 2b), modifying the planned dosage (e.g.,
number of times Relaxation should be practiced) for
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that week (see Figure 2c), assigning notification time (see
Figure 2d), and scheduling trick release (see Figure 2e).
REACH Usability Evaluation
The International Organization for Standardization
(ISO) 9241-210 standard (ISO, 2009) and the ISO and
International Electrotechnical Commission (IEC) 9126
standard (ISO/IEC, 2001) guided the initial user experi-
ence design of the REACH app. Based on these standards,
we operationalized usability as the degree to which a user
of the app can achieve the goals of the REACH protocol
with effectiveness, efficiency, and satisfaction. According
to the ISO/IEC standards and conceptual models of
mHealth development, usability is a characteristic of
quality of use and has several measurable dimensions
(Brown et al., 2013; Matthews et al., 2008; Nielsen, 1994).
The dimensions include ease of use, ease of learning,
quality of support information, satisfaction, and social
acceptability—these are the dimensions we examined via
quantitative analytics. With this approach, we wanted to
answer two pragmatic questions: Is the REACH app
usable? and Which aspects of the youth user experience
could be targeted to improve the REACH app?
Conducting usability evaluation in the early phases of
technology design and development is important for
several reasons. First, poor usability is one of the main
barriers to adoption and usage, especially in the case of
mobile apps for youth users (Chiu & Eysenbach, 2010;
Sheehan, Lee, Rodriguez, Tiase, & Schnall, 2012).
Second, poor usability typically reflects difficult to learn,
poorly designed, and complicated systems to the extent
that these systems can lead to reduced engagement and
usage because critical content may not be presented
effectively (Jaspers, 2009; Maguire, 2001). Third, usability
evaluation can inform the need for additional input
from users and/or experts (e.g., prevention specialists,
health care professionals), the nature of iterations that
might be considered, the necessity for user training and
support, and the extent to which greater in-depth testing is
required prior to examination in larger-scale RCTs (Jacobs
&Graham, 2016; Jaspers, 2009; Zapata, Fernandez-Aleman,
Idri, & Toval, 2015). Collectively, this evaluation of usability
for the REACH app was viewed as a necessary initial step
to ensure the functionality is optimized to be appropriately
designed, acceptable, and usable with the target population
prior to evaluating clinical effectiveness (Brown et al.,
2013; O’Malley et al., 2014; Wolf et al., 2013).
Methods
Participants
A total of 177 users (132 youth, 45 providers) from
public schools participated in the present study. Youth
1a
Image1
1c1b
1e
1d
1g1f 1h 
Figure 1. REACH smartphone app content and activites.
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ages ranged from 8 to 12 years old (M = 9.65, SD = 0.82),
63% were female, 29% were Hispanic/Latino, and 71%
were Non-Hispanic/Latino (32% White, 23% other or
mixed ethnicity/race, 10% African American/Black, 5%
Asian/Pacific Islander, 1% Native American). The medi-
an household income for the youth participants’ families
was D46,460. Turning to providers, 26 were bachelor’s-
level behavior interventionists, 13 served youth as school
psychologists or school social workers, and 6 were
master’s- or PhD-level clinicians working in community
mental health clinics or the local children’s hospital.
Providers were about 30 years old (SD = 6.32), 87% were
female, and 80% were Non-Hispanic/Latino. Last, pro-
viders reported working with youth between 2 and 22 years
(M = 8.30, SD = 5.83).
Smartphone Device and REACH App
Motorola Moto E smartphone devices running the
Android (Google, Mountainview, CA) operating system
were used to evaluate the REACH app. This smartphone
was an attractive option for preliminary evaluations of
mHealth tools because it is low cost (less than D50),1
could beusedwith a pay-as-you-gomonthly service contract,
and is sufficiently representative of a typical Android
smartphone in terms of display and computational power.
Further, the REACH app was developed for Android
version 4.4 (KitKat), which is compatible with approximate-
ly 80% of Android devices currently in use (Android
Developer Dashboard, 2016), and included new API
features leveraged in the REACH app, such as animations.
Usability Measures
The Usefulness, Satisfaction, and Ease of Use (USE)
Questionnaire (Lund, 2001) and the Reactions to
2a
Image 2
2c2b
2e2d
Figure 2. REACH app admininstration options.
1 More information about the Motorola Moto E device can be
found at https://www.motorola.com/us/products/moto-e-gen-2.
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Program Scale (RPS; Stigma subscale; Rapee et al., 2006)
were slightly modified and combined into one measure
to assess the five dimensions of usability outlined by the
ISO/IEC and typical standards noted in the literature
(Brown et al., 2013; Matthews et al., 2008; Nielsen, 1994):
ease of use, quality of support information, ease of
learning, satisfaction, and social acceptability. The latter
was measured as stigma and via RPS items given the
mental health content nature of the REACH app.
Consistent with past research, alpha reliabilities were
excellent in the present sample and responses to items
were summed to yield the following indices: system ease
of use (11 items, α = 0.90), quality of support informa-
tion (3 items, α = 0.78), system ease of learning (4 items,
α = 0.91), system satisfaction (4 items, α = 0.88), and
stigma (4 items, α = 0.83) scale scores. The overall usability
score (22 items, α = 0.93) was calculated by subtracting
stigma scores froma sumof the systemease of use, quality of
support information, system ease of learning, and system
satisfaction scores.
Procedures
All study procedures were approved by the university’s
Institutional Review Board. Teachers employed by one of
our partner school districts sent home letters explaining
the study to caregivers of students in regular classrooms
(i.e., no special education) corresponding to the third,
fourth, or fifth grade. These grade levels represent the
target age for our REACH intervention. Students whose
caregiver provided consent were invited to participate but
were not screened for anxiety (no additional recruitment
approach was used). Further, and to gain some sense as to
the usability of the REACH app from school interven-
tionists, providers (e.g., school psychologists, school social
workers, school counselors) were also invited. From those
contacted, 34% of caregivers provided child consent to give
feedback on the app and every child with parent consent
provided assent; approximately 61% of providers provided
consent. No caregivers, children, or providers refused
to participate. The rates of caregiver consent reflect the
two-week time frame used for conducting research (from
consent letter distribution to completion), which occurred
prior to the end of the K–12 academic year.
Youth with consent/assent were escorted by a school
liaison to a classroom where usability evaluation pro-
cedures were implemented by three trained research
assistants; providers assembled at a classroom or office for
the study. Usability evaluation activities with both youth
and providers were conducted in a group format.
Participants were given an envelope containing a ques-
tionnaire and smartphone device preloaded with the
REACH app. Instructions and usability items were read
aloud across nine administrations of the procedures (six
with youth, three with providers). Participants were
directed to (a) listen to the Relaxation mp3, (b) play
the Worryheads game, (c) respond to Part 1 of the survey,
(d) write a Diary or S.T.O.P. entry, (e) respond to Part 2
of the survey, (f) interact with the blob, and (g) respond
to Part 3 of the survey. Procedures a, b, c, and f lasted
2 minutes each while responding to survey items and were
not timed; each implementation of the testing procedures
lasted 20–30 minutes. A total of 29 users encountered
one or more difficulties related to software, hardware,
and/or user knowledge during the evaluation proce-
dures. When difficulties occurred, users were assisted by a
trained research assistant who resolved the issue. Every
such instance was documented by a research assistant,
including participant identification and nature of the
issue, and was considered in the analyses.
Results
Preliminary Analyses
Preliminary analyses were conducted to identify
outliers that might be distorting trends in the data,
evaluate missing data, and test data distributions. No
meaningful outliers were found and thus all cases were
retained. Less than 1% of data were missing, and
missingness was not correlated with any sociodemo-
graphic characteristics or focal variables. Therefore,
missingness was assumed to have occurred at random
(missing completely at random; Enders, 2011). Four of
the focal variables exceeded conventional cutoffs of |2 | for
skewness and/or |7 | for kurtosis (West, Finch, & Curran,
1995): system ease of use (–2.31 skewness, 6.87 kurtosis),
quality of support information (–2.08 skewness, 5.03
kurtosis), system ease of learning (–2.82 skewness, 9.12
kurtosis), and system satisfaction (–2.21 skewness, 5.20
kurtosis). To maintain assumptions of normality moving
forward, bootstrapping methods were used for all prelim-
inary analyses and primary tests of significance in SPSS
version 22 (i.e., analysis of variance [ANOVA] tests,
independent t tests) and in Mplus version 7.1 (i.e., path
model analysis). Table 1 presents means and standard
deviations for the focal variables, as well as correlations
controlling for event errors/assistance during the testing
protocol. As shown in the table, the overall usability score
was good (M = 33.35, possible range is 0–40) and mean
estimates for the five dimensions of usability were excellent
with stigma being low (M = 2.41, possible range is 0–10).
Correlations among the usability dimensions were in the
expected directions withmost coefficients being statistically
significant and stigma negatively correlated with system
satisfaction and system ease of use.
Does the REACH App Targeting Anxiety Yield Adequate
Usability Ratings?
Relevant to the first research question, focusing on
youth participants, the app was highly and positively rated
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on overall usability (M = 33.30 out of 40, SD = 5.88) and
each usability dimension (possible range is 0–10): system
ease of use (M = 8.57, SD = 1.53), quality of support
information (M = 8.99, SD = 1.52), system ease of learning
(M = 8.96, SD = 1.72), and system satisfaction (M = 9.18,
SD = 1.47). In addition, stigma was low (M = 2.39 out of
10, SD = 2.15) suggesting adequate social acceptability.
Next, ANOVAs were conducted to estimate the influence
of sociodemographic characteristics on eachof the usability
dimensions. Results showed no influence of grade (third
vs. fourth vs. fifth), sex (boys vs. girls), or ethnicity/race
(Hispanic/Latino vs. non-Hispanic/Latino) on any of the
usability ratings for youth. There were no significant two-
or three-way interactions among grade, sex, and ethnicity
(e.g., sex: boys, girls by ethnicity; Hispanic, non-Hispanic).
There also were no statistically significant age differences
in ratings of any usability dimension, overall usability, or
stigma.
For ease of interpretation, and based on a traditional
“grade” scale, the REACH app earned an “A+” from 7%
of youth, “A” from 27%, “A–” from 14%, “B+” from 8%,
“B” from 5%, and failing grades of “C–” or less from 17%
(or 23 youth). Focusing on youth who rated the app with
“C–” or less, 10 youth encountered one or more software,
hardware, and/or user knowledge errors during the
testing protocol. Of those, 3 youth encountered software
errors, 3 hardware error, and 4 user knowledge errors.
Software errors included app suddenly quitting in the
middle of use (2 youth) and extraneous notifications
or pop-ups interfering with using the app (1 youth).
Hardware errors included Android smartphone restarting
in the middle of use (2 youth) and headphone jack
of smartphone not working properly (1 youth). User
knowledge errors were having difficulty finding correct
buttons or activities within the app (3 youth), no knowl-
edge of the Android operating system (4 youth), and
could not turn on or unlock the Android smartphone
device (2 youth). Table 2 presents results from indepen-
dent t tests showing that youth who encountered a
software, hardware, or user knowledge error during the
Table 2
Results of T Test for Outcome Measures by Having Errors During Testing Protocol for Youth
Experienced Errors (Software, Hardware, or User Knowledge)
Yes No
M SD n M SD n T Value df 95% CI
Overall usability 33.03 7.97 23 36.53 3.92 109 3.14* 130 [1.29, 5.71]
System ease of use 8.15 2.11 23 8.87 1.17 109 2.29* 130 [0.10, 1.34]
Quality of support information 8.35 2.19 23 9.15 1.29 109 2.34* 130 [0.12, 1.47]
System ease of learning 8.17 2.41 23 9.13 1.48 109 2.49* 130 [0.20, 1.72]
System satisfaction 8.36 2.23 23 9.39 1.17 109 3.18* 130 [0.39, 1.66]
Stigma 3.42 2.79 23 2.15 1.93 109 -2.64* 130 [-2.23, -0.32]
Note. Software errors = app suddenly quit, extraneous notifications or pop-ups interfering with using the app; hardware errors = device suddenly
restarted/turned off, headphone jack did not work; user knowledge errors = difficulty pressing or finding correct app buttons; did not understand
how to use the app; user could not turn on device.
* p b .05; ** p b .01.
Table 1
Means, Standard Deviations, and Correlations for the Five Usability Dimensions
Mean SD 1 2 3 4 5
Overall usability 35.76 4.68
1. System ease of use 9.04 1.58 – .67** .80** .40** -.15
2. Quality of support information 8.93 1.49 – .69** .34** -.06
3. System ease of learning 9.04 1.58 – .30** -.09
4. System satisfaction 9.09 1.41 – -.29**
5. Stigma 2.41 2.05 –
Note. N = 177; overall usability ranges from 0 to 40; system ease of use, quality of support information, system ease of learning, system
satisfaction, and stigma range from 0 to 10; correlations between dimensions of usability controlling for event errors/assistance during usability
protocol.
* p b .05, ** p b .01.
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testing protocol rated usability significantly lower than
youth who did not encounter any errors (no significant
differences among hardware, software, or user knowledge
errors were found).
Focusing on providers, the REACH app was highly and
positively rated in terms of overall usability (32.54 out of
40, SD = 3.87) and along each usability dimension
(possible range is 0–10): system ease of use (M = 9.12,
SD = 1.07), quality of support information (M = 8.74,
SD = 1.37), system ease of learning (M = 9.27, SD = 0.99),
and system satisfaction (M = 8.83, SD = 1.19). In addition,
concerns of stigma for youth when using the app was
low (M = 2.48 out of 10, SD = 1.75), possibly suggesting
high social acceptability. Errors were encountered by six
providers (errors: two software, two hardware, two user
knowledge) but results from independent t tests showed
that users who encountered a software, hardware, or user
knowledge error during the testing protocol did not rate
usability significantly lower than providers who encoun-
tered no errors, possibly due to lack of statistical power.
Which Aspects of the Youth User Experience Could Be
Targeted to Improve the REACH App?
Relevant to the second research question, an ex-
ploratory path model was tested in MPlus (software
version 7.1) to examine relations among system ease of
use, system ease of learning, quality of support infor-
mation, and event errors on the satisfaction variable,
controlling for perceived level of stigma (see Figure 3)
for youth users. Full information maximum likelihood
(FIML; Enders & Bandalos, 2001) was used to calculate
path coefficients and handle missing data. In addition,
given the moderate to high correlation between scores for
system ease of learning and system ease of use (r = 0.66),
a latent construct of system understanding was created
(see Figure 3). For these analyses, path model fit was
evaluated against the following established criteria for
good and acceptable fit (Hu & Bentler, 1999): a non-
significant chi-square test of exact fit, root-mean-square
error of approximation (RMSEA) less than 0.05 (0.08 for
acceptable), comparative fit index (CFI) greater than 0.95
(0.90 for acceptable), and standardized root-mean-square
residual (SRMR) less than 0.05 (0.08 for acceptable).
Based on our data, the proposed model showed accept-
able approximate fit, chi-square fit χ(7) = 10.40, p = 0.17
or ns; RMSEA = 0.06 with 95% CI [0.00, 0.13]; CFI = 0.99,
SRMR = 0.06. Moreover, as shown in Figure 3, we eval-
uated a model to estimate direct effects of the system
understanding latent construct, quality of support infor-
mation, number of event errors, and stigma on the system
satisfaction variable.
We used the products of coefficients estimator and
bias-corrected bootstrap sampling distributions provided
by RMediation (Tofighi & MacKinnon, 2011) to estimate
the significance of indirect effects of quality of support
information as well as the effects of number of event
errors on the system understanding and system satisfac-
tion relations. In terms of findings relevant to the tested
variable relations, system ease of use (e.g., remember
how to use it) and system ease of learning (e.g., using
it requires no effort) loaded positively on the system
understanding latent factor (standardized factor loadings
were 0.89 and 0.91). Stigma (e.g., teased or picked on
by other kids for having this app) was negatively and
Note. System understanding = latent construct of system ease of use and system ease of learning; 
solid lines indicate significant path coefficient; dashed lines indicate nonsignificant path 
coefficient.
**p < .001.
Figure 3. Hypothesized model of usability and satisfaction.
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significantly related to system satisfaction (e.g., fun to
use). The path from event errors to quality of support
information was trivial (or nonsignificant). In terms of
the indirect effects, results showed that system under-
standing had a significant indirect effect on satisfaction
via quality of support information (e.g., the instructions
and messages are easy to understand; indirect effect =
0.37, 95% CI [0.14, 0.60]) in that for every 1 standard
deviation increase in system understanding, system
satisfaction increased by 0.37 standard deviation units
via quality of support information. System understanding
did not have a significant indirect effect on satisfaction via
errors (indirect effect = 0.12, 95% CI [–0.03, 0.23]).
Discussion
Principal Findings
Despite the increasing proliferation of mHealth
technology, research evaluating the usability of these
technologies is severely lacking (Curioso & Mechael,
2010; Nilsen et al., 2012). In fact, the present study is the
first of its kind to report findings from an in-depth
evaluation of usability corresponding to an empirically
informed child anxiety prevention and early intervention
smartphone app. For this reason, and in light of our
findings, the present study is important as it may set the
stage for future research given that poor usability has
been identified as one of the biggest barriers to mHealth
impact (Matthews et al., 2008; Sheehan et al., 2012).
Relevant to the primary objectives of the present study,
results showed that each dimension of usability measured
for the REACH anxiety prevention and early intervention
app was highly and positively rated by 89% of providers
and 83% of youth. In addition, stigma associated with
using the app was rated low. The REACH app was found
to be relatively easy to use and easy to learn, messages
deployed by the technology were rated as helpful and
clear, and the app yielded high satisfaction and social
acceptability. These findings are encouraging and gener-
ally similar to those reported in the handful of studies that
have reported usability tests of mHealth tools for youth
(Dixon et al., 2013; O’Malley et al., 2014; Pramana et al.,
2014; Tang et al., 2013). Focusing on knowledge gained
for improving the REACH app, some youth (about 17%
or n = 22) showed low enthusiasm about the app and this
may have occurred for several reasons. First, software,
hardware, and user knowledge errors that youth encoun-
tered during the evaluation protocol were significantly
related to lower satisfaction and thus need to be
addressed. Second, lower enthusiasm could be related
to the fact that, anecdotally, some youth were expecting a
game app for a smartphone rather than a psychoeduca-
tional app. Third, lower satisfaction could have been
related to the evaluation procedures of usability imple-
mented for this research as some youth probably would
have preferred to engage in “unrestricted play” with
the app. If the last two points are true, then it would
be important to clearly explain to youth the nature and
use of the REACH app prior to providing them with
the technology. Fourth, there is a possibility that lower
satisfaction for some youth could be have been related
to the design itself as other approaches might be prefer-
able. For example, some youth might prefer collaborative
learning (e.g., peer-to-peer interactions), more human
support (e.g., direct and immediate responses from an
adult mental health provider), and/or simply more
complex graphics and gamification features (e.g., en-
hanced user-to-blob interaction and progressive reward
incentives). These are possibilities that would need to be
explored in future research efforts. Nonetheless, our
findings are strong and consistent in suggesting that
clinicians searching for mHealth apps to enhance aspects
of their services should consider not only effectiveness
evidence but also usability ratings. To that end, Table 3
Table 3
SomeEvidence-BasedConsiderations inEvaluating theUsability
of mHealth Tools
Ease of use
1. It is easy to use.
2. It is simple to use.
3. It is easy to understand.
4. In a few steps, it does what you want.
5. It lets you do several things.
6. Using it requires no effort.
7. You can use it without written instructions.
8. You do not notice any problems as you use it.
9. People using it once or many times would like it.
10. Mistakes can be fixed quickly and easily.
11. You can use it well every time.
Quality of support
12. The instructions and messages are easy to understand.
13. The messages to fix problems are clear.
14. The instructions and messages are clear.
Ease of learning
15. You quickly became good at it.
16. You easily remember how to use it.
17. It is easy to learn to use it.
18. You learn to use it quickly.
Satisfaction
19. You are happy with the app.
20. You would tell a friend about the app.
21. The app is fun to use.
22. This app works the way you would want it to work.
Note. Considerations listed are items adapted from the usefulness,
satisfaction, and ease of use questionnaire (USE; Lund, 2001). A
modified version of these items were rated by participants for this
research using a 10-point rating scale (i.e., 1 = not at all to 5 =
somewhat to 10 = very much).
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offers a list of usability indicators based on ISO and IEC
standards (ISO, 2009; ISO/IEC, 2001), the USE Ques-
tionnaire (Lund, 2001), conceptual models of mHealth
evaluation (e.g., Health IT usability evaluation model;
Brown et al., 2013), and the research we report in this
study.
Broadly, and of plausibly greater interest to other
investigators working in mHealth, is a core finding from
the present study—that is, our results suggest that future
efforts toward improving satisfaction with technology
probably need to carefully consider the dynamic relations
between system understanding and support information.
This is the case because path analyses of youth-reported
data indicated that greater system understanding (i.e.,
system ease of use, system ease of learning) was sig-
nificantly related to greater system satisfaction, but that
such relation occurred via the quality of support infor-
mation offered by the app (e.g., the instructions are easy
to understand, messages are helpful in fixing mistakes).
Although ratings of the quality of support information
and system understanding for the REACH app were high,
moving forward it would be important to continue
evaluating the messages and instructions offered by the
app as a means of further optimizing and improving its
overall usability and satisfaction. While no direct test of
these relations has been conducted to date, these findings
appear consistent with conceptual models of mHealth
technologies suggesting that information need, learn-
ability (e.g., ease of learning), and efficiency of smart-
phone apps (e.g., ease of use) are critical to improving
user satisfaction, usability, and adherence during efficacy
or effectiveness stages of testing (Brown et al., 2013;
Harrison et al., 2013; Matthews et al., 2008). Also, findings
from the present study showed that some youth and
providers experienced roadblocks when trying to use the
technology (e.g., did not know how to navigate the app
menus). Therefore, it might be the case that brief training
in using devices of choice and even the app could help
decrease the frequency of operational errors and their
impact on usability. For example, in an evaluation of a
smartphone app for adolescent depression, youth were
provided with a training session outlining the functions
of the app prior to the start of the intervention (Mohr,
Burns, Schueller, Clarke, & Klinkman, 2013). This is con-
sistent with human computer interaction “best practices,”
suggesting that short training sessions with users could be
highly beneficial tominimizing barriers to usage (Matthews
et al., 2008).
Limitations and Future Directions
Contributions notwithstanding, limitations are note-
worthy. First, our findings are limited in that usability
was ascertained via self-reported ratings during a brief
standardized demonstration protocol. While this meth-
odology is consistent with past research (e.g., Jaspers,
2009), user interaction data during the course of days or
in the context of an intervention would probably provide
valuable in-depth information that could inform future
iterations. For example, completion time (amount of
time to start and end an activity), transition time (time to
transition from one activity to another), and click-tracing
sequence data (how user navigated from one activity to
another; Hilbert & Redmiles, 2000) could help identify
inefficiencies in design organization (e.g., button
locations not intuitively placed for users) and whether
user interactions follow the anticipated design sequences
(Jaspers, 2009). Second, whereas youth and provider
ratings of overall usability, satisfaction, and acceptability
were high, users did offer suggestions to enhance the
REACH app. Some suggestions most likely would not
impact research results, such as giving the user the ability
to customize the colors and name of the blob. However,
other suggestions could very well enhance the impact of
the app, including increasing reward features for game
play and adding progress indicators toward achieving
goals. These types of feedback mechanisms could
encourage greater engagement with the app. Finally,
users suggested the app be made available on platforms
besides Android devices, which we interpret as meaning
the users would like to run the app on their own devices
and platforms instead of having devices with a specific
operating system provided to them. These are important
design improvement areas for the next generation of the
REACH app, some of which are consistent with the
broader mHealth literature (e.g., Georgsson & Staggers,
2016; Luxton, McCann, Bush, Mishkind, & Reger, 2011).
Finally, it is important for future research to examine
natural patterns of usability (or engagement) with the
REACH app: how would children use the app with various
degrees of interventionist involvement—across settings
(e.g., at home, on weekends, in session), in their
day-to-day life, or over time? Could REACH app usability
have moment-to-moment impact on child anxiety and its
associated impairment?
Conclusions
The present study is the first to report findings from
an in-depth evaluation of usability relevant to an empir-
ically informed smartphone app designed to support
the prevention and early intervention of youth anxiety.
Findings from this research provided strong initial
support for the usability of the REACH app and em-
phasizes the need for conducting this type of testing, early
in the development process of mHealth tools, to guide
necessary user-informed design iterations prior to apply-
ing the technology for intervention purposes (e.g.,
efficacy, effectiveness). This research identified areas for
improvement (e.g. , stabil izing app functions,
401Usability of a Smartphone App Targeting Anxiety
138
customizable features, gamification changes), and offered
knowledge about the extent to which users need to be
trained and supported (Mohr et al., 2013; O’Malley et al.,
2014). Because mHealth apps have great potential for
improving the management of public health initiatives,
including lessening restrictions in the provision of care
(e.g., time, geographical location; Whiteside, 2016),
barriers associated with other types of technologies (e.g.,
web-based tools), and even affecting change in econom-
ically disparate populations (Baggett et al., 2010; Comer &
Barlow, 2014; Kazdin & Blase, 2011), new and better tools
will continue to be found in the research area and
consumer marketplace. Moving forward it, therefore,
might be viewed as “best practice” to integrate usability
testing into the design and development process of
mHealth tools to ensure that technologies are usable in
ways that can enable sustainability and large-scale
diffusion capabilities of evidence-based interventions.
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ABSTRACT 
Games may be employed for delivery of a clinical protocol, or as 
an incentive for protocol tasks. We focus on serious games in 
mHealth apps for pediatric patients with a chronic disease as an 
incentive for behavior modification. A patient is rewarded with 
enhanced gameplay in proportion to her/his compliance with a 
clinical protocol. The game-as-reward prevents fatigue and 
sustains patient engagement as the mHealth apps are used on a 
frequent basis when the affliction is a chronic disease. However, 
our experience shows a fine line between games that encourage 
engagement and ones that distract patients from protocol tasks.  
CCS CONCEPTS 
•  Software and its engineering → Software organization and 
properties → Contextual software domains 
KEYWORDS: Mobile, Design, Games 
1 INTRODUCTION 
Challenges to gamification adoption in healthcare includes 1) a 
validated framework shown to improve health outcomes for all 
medical areas does not exist [1]; 2) gamification does not hold user 
interest for long periods [2]; 3) a lack of user-centered design 
principles in building gamification elements [3]; and 4) clinicians 
are not included in gamification design [1,4]. Despite issues game 
interest among healthcare practitioners continues to rise.  
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Those favoring games in healthcare point to benefits like: 1) it 
makes mundane tasks interesting to patients [5]; 2) it improves 
satisfaction, self-use, and self-esteem for coping with conditions 
[6]; 3) it promotes behavior change and a desire to be healthy 
[7]; and 4) allows patients to be socially active with peers [8]. 
Sufficient evidence exists for continuing to understand 
gamification impacts for pediatric chronic disease.  
In our view, a game may be seen as a delivery mechanism or as a 
reward or incentive. When used as a delivery mechanism, it 
means the clinical protocol is embedded directly into the game; 
completing game-based tasks is equivalent to completing the 
clinical protocol. When used as a reward, often alongside other 
reward mechanisms like leaderboards and badges, the game is 
used as an incentive for the user to complete clinical protocol 
tasks, much in the same waygiving a gift card is often used as an 
extrinsic motivator for participating in a clinical trial. We 
present in brief the gamification elements of two mHealth apps 
that use games as a reward for patient compliance to a protocol. 
2 MHEALTH APPS 
The apps described in this section improve compliance of a 
paper-and-pencil clinical protocol by using a gamified mHealth 
app to replace an out-of-session paper exercise. 
2.1 SCD-PROMIS 
Children's National Health System (CNHS) relied on paper 
PROMIS surveys to collect data about pain intensity and burden 
for children with Sickle Cell Disease (SCD). Patients were asked 
to describe pain intensity and burden at in-clinic interviews and 
to complete paper surveys at home, but few did. Data collection 
required visits to the clinic, resulting in canceled appointments. 
Improving compliance was a significant need for CNHS. 
We created a mobile app leveraging HTML5, REST, and native 
smartphone features to deliver PROMIS surveys. Our 1st 
generation app showed poor compliance rates in weekly surveys 
[9]. The latest version of the SCD-PROMIS app added two new 
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features, badges and open-source games 
(Figure 1). Badges are awarded for 
protocol compliance, or timely 
completion of daily and weekly surveys. 
These badges may be cashed in for 
powerups in integrated open source 
games, Squirts and Pappu Pakia. These 
games were adapted, with author 
permission, for use in the app. In an 
IRB-approved clinical trial, a gamified 
version of the app shows improvement 
over a non-gamified version for both 
weekly and daily PROMIS surveys (Table 2). Interestingly the 
disparity is mostly seen when considering only the younger 
population (8-17) in our protocol. 
 W W% D D% 
w/ games 28/44 64% 159/309 51% 
No games 20/42 48% 127/325 39% 
Table 1. Weekly/Daily PROMIS compliance  SCD-PROMIS  
2.2 REACH+ 
REACH is an indicated prevention and 
early intervention targeting chronic 
anxiety in children [10,11]. REACH 
provides Brief Cognitive-Based 
Therapy, or BCBT, delivered in 6 
sessions, 20-30 minutes in length, in a 
group format. In CBT, after a face-to-
face session with therapists, patients 
are asked to fill in worksheets as 
homework using pencil-and-paper 
forms. REACH+ is an mHealth app developed for Android that 
ports homework activities from paper-and-pencil to app [12,13]. 
Each REACH protocol activity has been ported into a space-
theme task in the app, where the patient interacts with a friendly 
"blob" character. The blob guides a patient through tasks, gives 
feedback, and rewards a patient 
through leveled "tricks" (Figure 
2) the blob plays when tasks are 
completed. In REACH+ clinical 
protocol activities are mini-
games, and other gamification 
like tricks are extrinsic rewards. 
N=10 middle-school children 
participated in an experimental 
study with the REACH+ app for 
the full length of the protocol (6 
weeks). These participants were 
provided with mobile phones to 
perform out of session practice 
at home. Every week a school psychologist conducted a REACH 
session in school, then asked participants to practice a particular 
skill (with the app) as homework. Weekly compliance is shown 
Figure 3 top, and daily compliance Figure 3 bottom. 
Unsurprisingly, weekly compliance trends down, and daily 
activity peaks a day before a session. 
4  INCENTIVE OR DISTRACTION? 
This paper asks whether mHealth apps that use gamification 
features for rewards provide an incentive or a distraction to the 
end user. An intent of game features is to extrinsically motivate 
a patient to complete clinical protocol tasks. Extrinsic motivation 
does not obscure the protocol or make tasks more appealing; it 
simply provides an incentive for completing the tasks. This is in 
contrast to an embedded game as a delivery vehicle for clinical 
protocol tasks. If a patient does not like a game, he will not 
complete protocol tasks; but if he does it he completes tasks, 
often without realizing he is performing the protocol. 
The gamification features of the mHealth apps in section 2 
include various rewards for patient behavior. In practice we 
observed that sometimes these features have the intended effect, 
improved compliance, but in other cases we observe they 
distract the user from protocol tasks. We presented preliminary 
results in two mHealth apps for pediatric chronic disease. 
Compliance rates follow a downward trend often seen in 
mHealth apps ("app fatigue") yet patients feedback suggests 
positive perceptions of gamification, Review of in-app user 
activity suggests compliant users gravitate toward gamification 
features, though in isolated cases those same features may be 
encouraging non-compliant behavior. 
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